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OCEAN-ICE OIL-WEATHERING COMPUTER PROGRAM USER’S WAL

Model Overview

The ocean-ice oil-weathering code is written in FORTRAN as a series of

stand-alone subroutines that can be easily installed on most any computer. All

of the trial-and-error routines, integration routines, and other special

routines are written in the code so that nothing more than the normal system

functions such as EXP are required. The code is user-interactive and requests

input by prompting questions with suggested input. Therefore, the user can

actually learn about the nature of crude oil and oil weathering by using this

code. A complete code listing of the ocean-ice oil-weathering code is pre-

sented in Appendix A of this report.

The Ocean-Ice oil-weathering model considers the following weathering

processes:

● evaporation

● dispersion (oil into water)

● mousse (water into oil)

● spreading

These processes are used to predict the mass balance and composition

of oil remaining in the slick as a function of time and environmental param-

eters. Dissolution of oil into the water column is not considered as part of

the main code because this weathering process is not significant with respect

to the over-all material balance of the oil slick. The companion document to

this User’s Manual (Final Report for RU 664; Payne et al 1987) contains

computer code for stand-alone models which consider component-specific

dissolution from oil slicks and dispersed droplets, respectively.

An important assumption required in order to write material balance

equations for evaporation is the state of mixedness of the oil in the slick.

The Ocean-Ice Oil-Weathering Model is based on the assumption that the oil is

well mixed. This might not always be true but data have been taken and
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interpreted as if the oil is well mixed. Thus, experimental results based on

this assumption must be used in the same way mathematically. There is growing

thought based on physical and compositional observations that the oil is not

always well mixed, As the oil weathers its viscosity increases (measured and

known to be true) resulting in a slab-like oil phase. Clearly, the mass trans-

fer within the oil will change drastically in going from a well-mixed to a

slab-like phase.

The other three processes noted above are not explicitly component

specific as is evaporation. However, the dispersion process is a function of

the oil viscosity; oil viscosity is a function of composition. Thus the

dispersion process does depend on the evaporation process. Mousse formation

also alters the oil viscosity but the present knowledge of this process does

not point to any quantifiable compositional dependence. The spreading of the

slick results in an ever-increasing area for mass transfer.

The composition of the oil is described in terms of pseudocomponents

that are obtained by fractionating the oil in a true-boiling-point distillation

column. This procedure yields cuts of the oil which are characterized by

boiling point and density. This information is then used to calculate many

more parameters about the cut. The most important calculated parameters

pertain to vapor pressure and molecular weight. The evaporation process is

driven by vapor pressures, and system partial pressures are calculated assuming

Raoult’s law.

Sample runs of the model are included in this User’s Manual in the

following manner. Examples of the various input options are presented on pages

9 through 32, Examples of various calculated results appear on pages 33

through 74. Each output or run of the computer model always echoes the input

to the output. In other words, what was entered as input is documented in the

output . Therefore, the calculated results appearing on pages 33 through 74

contain all the user entered parameters. The illustrations of input are

intended to illustrate all the options available and a real computer run would

(probably) not invoke all these options (i.e. , spreading versus no-spreading,

dispersion versus increased-dispersion, and many other on-off examples).
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Model Description

The pseudo-component characterization of crude oil for the open-ocean

oil-weathering model is described in detail (Payne et al., 1984a). The

specific detail presented in oil characterization can vary depending upon

exactly which literature references are used. Those references used to write

the current open-ocean oil-weathering model are all essentially contained in a

standard text (Hougen, Watson and Ragatz, 1965).

The pseudo-component evaporation model and the over-all mass-transfer

coefficient required for evaporation has also been described in detail (Payne,

Kirstein, et al., 1983 and 1984a). The fundamental process of evaporation is

described in many texts, such as Mass Transfer Operations (Treybal,  1955) and

in papers in the open literature. A paper on this subject relevant to oil

weathering is that by Liss and Slater (Liss and Slater,  1974).

The equation

(Payne et al., 1983).

which describes slick spreading has also been described

The spreading equation is based on observations due to

Mackay (Mackay, et al., 1980) and is not based on the many publications which

describe oil spreading due to gravity-viscosity-surface tension. The

phenomenological  approach to oil spreading does not pertain to a rough ocean

surface, and the empirical approach at least reflects reality.

The viscosity prediction used in early oil-weathering model calcula-

tions is based on a (mole fraction) .(cut viscosity) summation (Reid, et al.,

1977) . This viscosity prediction has been found to be inadequate in that the

predicted viscosity is always too low. This viscosity prediction has been

replaced with one due to Tebeau and Mackay (Tebeau, Mackay, et al. , 1981) where

the viscosity at 25°C is a function of the fraction of oil evaporated on a

dispersion-free basis.

oil-dependent constant

scaled with respect to

Olge, 1969).

The functional relationship is exp(K4F) where K4 is an

and F is the fraction evaporated. The viscosity is

temperature according to the Andrade equation (Gold and
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The prediction of water-in-oil emulsification

eters (Mackay, at al., 1980) appearing in the following

[ 1
(1 - K2W w ~ = exp (-K5K3t)

is based on four param-

equation:

where W is the weight fraction water in the oil-water mixture, K is a constant1
in a viscosity equation due to Mooney (Mooney, 1951), K2 is a coalescing-

tendency constant, K is a lumped water incorporation rate constant, and K is
3 5

a factor by which the mousse formation rate is increased during broken- ice

field weathering.

The change in visiosity due to mousse formation is predicted by:

[ 1
= PO e x p  .+$)-

where p“ is the parent oil viscosity. K1 is usually around 0,62 to 0.65 and

apparently does not change much with respect to different types of oils. The

constant
‘2

above must satisfy the relaeion K2W < 1 in order for the water

incorporation rate term (right-hand side) to be > 0. Thus, K2 is the inverse

of the maximum weight fraction water in the mixture. K3 is the water incorpo-

ration rate constant and is a function of wind speed in knots.

The dispersion (oil into water) weathering process is described by two

equations (Mackay, et al., 1980), These equations are:

F = Ka KC(U+ 1)2

FB= (l+Kbu0“56 x)-l
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where F is the fraction of sea surface subject to

the wind speed in m/see, Ka is constant, and Kc is

is increased during broken-ice field weathering.

lets of oil below a critical size which do not

dispersions per second, U is

a factor by which dispersion

Fb is the fraction of drop-

return to the slick, \isa

constant, p is the viscosity in centipoise, x is the slick thickness in meters,

and 6 is the surface tension in dynes/cm. The mass fraction that leaves the

slick as dispersed droplets is (Fb). (F) and this fraction applies to each cut

of oil.

User Input Description

The initial input required to perform an oil-weathering calculation is

the distillation characterization of the crude oil. The desired input is

termed a true-boiling-point (TBP) distillation and consists of distillate cuts

of the oil with each cut characterized by its average boiling point and API

gravity. For a description of the TBP distillation see Van Winkle (1967), An

example of a TBP distillation iS shown

characterized in this table is a whole crude

example is that it is a text-book example of

distillation. The introduction of the

characterize crude oil and products for

concept. Therefore, the objective in using

the concept is common in another

example, the reader has access to a

used a TBP (i.e. , Van Winkle, 1967).

branch

in Table 1. The petroleum product

oil. The reason for choosing this

a ~rue-~oiling-point

true-boiling-point distillation to

environmental predictions is a new

this example is to illustrate that

of engineering. By providing this

readily available reference that actually

TBP distillations of crude oils are not always readily available. The

more common inspection on crude oil is termed an ASTM (D-86) distillation. The

ASTM distillation (Perry, R. H., and C. H. Chilton, 1973) differs in that the

ASTM distillation is

a few theoretical

formed in a column

ratios . The high

accurate component

essentially a flask distillation and thus has no more than

plates. The TBP distillation (ASTM D- 2982, 1977) is per-

with greater than 15 theoretical plates and at high reflux

degree of fractionation in this distillation yields an

distribution for the crude oil (mixture). Another type of

crude oil inspection available is the equilibrium flash vaporati.on  (EFV) which

5



TABLE 1. Example of True Boiling Point (TBP) Distillation of Crude Oil
-(from Van Ninkle, 1967).

% Distilled

o

5

10

20

30

40

50

60

70

80

90

99

T, *F

105

230

300

392

458

505

542

585

640

720

880

1090

API Gravity

first drop

63.5

46.7

39.0

34.5

32.0

30.8

27.5

23.5

20.4

13.1

.-.---
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differs from both the ASTM and TBP distillation in that the vapor is allowed to

equilibrate with the liquid, and the quantity vaporized reported. In the

distillations vapor is continuously removed from the still pot.

Both the ASTM distillation and EFV can be converted to a TBP distilla-

tion (API, 1964). However, at the present the ASTM D-86 distillation results

can be used directly in the oil-weathering calculations because it is a reason-

able approximation to the TBP-distillation result at the light end of the

barrel, The differences between the two distillations at the heavy end of the

barrel are noticeable but since the heavy ends of the barrel do not evaporate

in oil weathering, this difference is of little consequence.

Currently, the best sources of distillation data are “Evaluation of

World’s Important Crudest’ (O&GJ, 1973) where a tremendous number of distil-

lations and other characterizations are reported. The distillations reported

are a mix of ASTMS and TBPs. Another excellent source of distillation data is

“Analyses of 800 Crude Oils from United States Oilfields” (Coleman, et al.,

1978) . The distillations reported by Coleman are not TBP distillations but are

essentially ASTM distillations and can be used in the oil-weathering calcula-

tions when the boiling points are all converted to one atmosphere total pres-

sure. The reason parts of the ASTM or TBP distillations are conducted at

sub-atmospheric pressure is that cracking begins to occur in the still pot at

temperatures around 700F. Thus, the data reported by Coleman are around atmos-

pheric pressure up to 527F, and for fractions boiling above this temperature

the distillation is performed at 40 mm Hg, In order for the entire distilla-

tion to be used as input to the oil-weathering calculation, the cut data must

be converted to one atmosphere total pressure. The procedure for converting

sub-atmosphere boiling points to atmospheric boiling points is described in

many places (Edmister and Okamoto, 1959; ASTM D-2892, 1977; API, 1964). An

example of the sub-atmospheric boiling-point conversion is shown in Table 2 for

Prudhoe Bay Crude Oil. The reported distillation pressure for Prudhoe Bay

crude oil in (Table 2), which is near atmospheric but not exactly at one atmos-

phere, is not critical for the oil-weathering calculations.

7
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An example of the use of the distillation data as input for the oil-

weathering calculation is shown in Table 3. This table is an actual computer

display of what the user sees beginning with code execution. In this example

the user is using data that is programmed into data statements and will not

have to enter the distillation characterization data. The TBP cuts echoed to

the user in Table 3 were obtained from the data of Coleman (Coleman, et al.,

1978) in Table 2, and illustrate the transfer of these data to the oil-

weathering calculation. Notice that cut 1 (fraction 1) in Table 2 has been

deleted and the cuts renumbered. The reason cut 1 was deleted is because it is

not the first cut with any measurable volume. Also note that the residuum cut

is assigned a boiling point of >850F. This assigned boiling point is ficti-

tious and used to indicate that this cut is indeed a residuum.

It can be noted that the true boiling point data presented here (e.g.,

Table 3) differ from values presented in the open-ocean oil weathering model

(Payne et al., 1984a). Reasons for these differences can be explained as

follows. The distill-ation  data in Table 2 are presented as cumulative-cut

temperatures and are to be interpreted as follows: Fraction #4 (for example)

has a cut temperature of 257°F, which means the distillate receiver was changed

at this temperature and Fraction #5 began being collected. Thus, the Fraction

#4 temperature tabulated is the upper temperature at which that fraction was

collected. The temperature used to characterize the entire fraction is the

average temperature that is (rounded up to) 235°F.

A similar example of the use of distillation data from Coleman

(Coleman, et al., 1978) is illustrated in Tables 4 and 5. Table 4 again is the

published data and Table 5 illustrates how these data appear as input to the

oil-weathering calculation.

The distillation cut data for non-library oils can be entered by the

user. The user can either enter this data via the keyboard or use data from a

disk file created from a previous execution of the model. An example of

keyboard input is illustrated in Table 7 using TBP data for a gasoline cut

(O&GJ, 1973, pg. 57) which is presented in Table 6.
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IF YOU HAVE NO lNF’UT DATA JUST ENTER 99
A 99 ENTR’f bJILL USE A L I B R A R Y  EXMF’LE
99
CHOOSE A CRIJDE ACCORDING 70:
1. - F’l?UId+OE MYP A L A S K A
.1
..: -  COOK lNLETP  ALASKA
.-.3 - WILMINGTONF CALIFORNIA
4 -  N{JRMN9. ABU IIHABI
.5 - LAKE CHICOTr  LOUISIANA
A - LIGHT ItIESEL ’CUT
1

“’r’CIU  C H O S E :  PRUI)HOE RAY? ALASKA

VOL
2.1
2.($
3 ;5
34&
3*7
3*5
4.3
a.8
5*O
2*8
(56s
6.8
6+0
7*4

3643
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TABLE 5. Distillation Data for Wilmington Field Crude Oil Illustrating
Use in Oil-Weathering Calculations (See Table 4 for published
d a t a ) .

ENTER THE NIJi.iBER  OF TRF’ CUTS TO BE CHARACTERIZED 13N 12
IF Y~U HAWE NO INFU7 DATA J U S T  EidTER  9 9
A 99 Ei4TRY WILL  USE A LIEiRARY EXMWLE
9?
CHOOSE A CRUDE ACCOIII)ING TO:
1. .= F’K’UIiHOE  BAY? ALASKA
-~ = CLIOl< Ii4LET~  ALASKA
3 = WILi41i4GTON~  CALIFClRi41A
4 =  i+uRBAi4P  AN.J DHAB1
.5 - LAKE C.HICOT~  LOUISIANA
6 = LIGHT KIIESEL C U T
,-“). .

““1’CIU CHOSE: UIL/41i4i3TOi4~  CALIFORNIA

CUT TEI AF I UOL
1. 195.0 (58+4) 2*3

q.=~ Lade o 58+7 2.4
5 2i3G*o 53*O 2*4
4 325*O 40.1 ~,g
z 37040 4 3 , 2 ~08

b 415.0 30.8 304
7 460,9 35*4 4*4
El 505  ●  () 32e3 C*3
‘7 354*O 2(5*8 4 * 7

s o bo9 ● o 24+5 &+3
11 642*O ~~*3 4.1
12 712*O 2ot3 3*5
13 050+0 0 . 9 53+3
DC) YOU WAidT TO CHAi4GE Aid)’?
N
00 YOU WANT THE MACKAY CONSTANTS?
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TABLE 6. True Boiling Distillation Data for a Gasoline Cut (O&GJ,
1973, pg. 57).

.-

QIJ Cut Temp., OF

1 137

2 196

3 228

4 256

5 283

Vol % API Gravity

1.5 71.6

2.1 69.7

2.0 55.0

2.0 53.8

2.0 49.6

13



tHE BOIIMt3 bOI1i .L '.LW IH DE3 t E.Ot Cfll 2

nUrflWE bE CE!.4.t LUt C1I.L

TABLE 7. Illustration of User Input: of Data for a Gasoline Cut
(See Table 6 for “published” data).

ENTER THE NUMBER OF T13F’ CUTS TO BE CHARACTERIZED ON 12
IF ‘ft3U HAVE NO INPUT  IiATA JUST ENTER 99
A 99 Ei4TRY WILL USE A LIBRARY  E X A M P L E
5
:[S T H E  CRUDE ON A F I L E  ?
IN
i~i4TER “THE NAilE OF “THE CRIJI)E
[j&saLIi4E CUT
iXi4TER  ~i~ I D E N T I F I C A T I O N  NUMBER FOR THIS  CRUDE ON Is
“1s.111
i~i+TER I\ 5Ai4PLE “i4Ui4BER ON 1!5
,.a~aq.:: .;; 4: & A.
l=;dTER “THE  B U L K  ~FI G R A V I T Y
r - l -.J..J +

“’I’OIJ ifiUsT  EiiTER  “THE T R U E  BOILING POINT  C U T  D A T A  STARTIidG
bJIT’H  THE ;fi13ST VOLATILE CUT AND GOING TO THE BOTTOH OF THE BARREL

Ei4TER
1.:37  ●

i1i4TiEK’
.-i .,./ .1. + (i
Ei4TER
1,+3
iIi+TER
1.’;6 *
i;NTER
57+7
iZi4TER
‘-)e. ● i
i;;dTER
..-/.’a.L ,- .

THE B O I L I N G  F’OIiqT AT 1 ATi4 Iid IIEG F F(3R C U T  1

AF’I GRAVITY  F O R  C U T  1

VOLUME PER CENT F(31? CUT 1

TliE BOILIidG  PIIINT AT I ATil IN llEG F  F O R  CUT 2

AFI”GRAVITY FOR CUT 2

14
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DO AOfl r'WtIi .LHE W'CK'A COl421'1i2
,.o'3cftvoIr
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TABLE 7 Illustration..af.User Input of Data foq a Gasolinecontinued). -
. Cut (See Table 6 for published data).

kNTER API GRAVITY  F O R  C U T  3
.-
,J.J  ●

E N T E R  VOLUME  PER CEN”T FOR CUT 3
T... ●

ENTER T H E  B O I L I N G  POINT  AT 1 ATM IN DEG F  FOR CUT 4
m? ,.<. .J O +

ENTER AFI GRAVIT’f  F O R  C U T  4
53*i3
ENTER VoLLJilE  PER CENT FOR CUT 4
~ ●  ,-,
ENTER “THE B O I L I N G  POINT  AT 1 ATM IN DEG F  F O R  C U T  5
Zas ●

ENTER ‘API GRAVITY FOR CIJ”~ !5
49.6 ,
E N T E R  VOLtJtiE PHI (:E;4”T  Fill? (:MT S ,,
~+

CiJT ,7B AF I UOL ,. ,, ,,,
1 ‘137.0 “ 71*6 1.5

i+

THIS CRUDE .UILL NOU BE Uf?ITTEN TO A FILE+ WHAT W O U L D

. . .

YOU LIl<E:TO CAI..L 17

15



Each time an input is required the user is prompted with an appro-

priate question. Since it is nearly impossible to enter many numbers into the

oil-weathering calculation without an error, the distillation cut data are

always echoed to the user for review. In the event an input error is dis-

covered or it is desired to change an entry, the user’s response to DO YOU WANT

TO CHANGE ANY? is yes. The error recovery is illustrated in Table 8 where the

gasoline-cut data from Table 6 is entered. Note the input error for TB

(boiling temperature) for cut 3 where 22.8 was entered instead of 228. The

user is prompted for the error-recovery information and the final data is

echoed to the user. In the event another error is to be corrected, a “YES”

would be entered in response to the very last question in Table 8.

Following keyboard data entry, the user will be prompted for a name

to be assigned to a disk file which will contain the TBP data for the oil of

interest. The format for this name is one to six characters followed by an

optional period and one to three letter extension. In the example (Table 7),

the file was named GASCUT.OIL.

An example of disk file input is illustrated in Table 9. In this

example, the disk file created in the previous example (Table 7) is used as

input for the model.

After the TBP data required as input have been specified, the user is

asked if the Mackay Constants are desired. These constants are input constants

for the Mackay evaporation model (Mackay, 1982). The calculation of these

constants are an ttadd-onll calculation and do not affect the “weathering”

portion of the model.

16



TABLE 8. Illustration of Input-Error Recovery (Note error for cut
3 boiling Temperature).

ENTER
283  ●

ENTER
49*15
ENTER
~. . . ●

CUT
1
~
.3
4
e..J

“TI+E n~ILI~G l~OX~”T  AT 1  I+TM IN IIEG F  F O R  ~UT S

API GRAVITY FOR CUT 5

VOLUHE PER CENT F O R  C U T  5

TB API VOL
137.0 71*6 14s
196.0 5 9 * 7 2 * 1
~~,~ G5*0 2.0

256  ● o 53*8 ~,o
2a3*G 49.6 2*O

rio YOU WANT TO CWWGE ANYI’
.,

;;NTER THE CUT NUMBER TO BE CHANGED ON 12. . .
.3
ENTER 1 T O  CHANGE “~B~ 2 F O R  API?  3 FOR  VOLX
“i.

lZi4TER “THE CHANGEO IIATA
228.

CUT TEi AF 1
1 137.0 71*6
T.- 196*G 59+7
3 22a.o 55+0
4 2!56  ●  o 53eaF 2a3.o 4 9 . 0

D; 8fOU W$NT T O  CHANGE &NY’?
N

VOL
1.5
Z*1
2*O
2*(I
2*O

17



TABLE 9. Illustration of Disk-file Input of TBP Distillation Data.

E;~TER THE NUHBER OF TBP CUTS TO BE CHARACTERIZED ON 12
IF YOU H A V E  NO lNF’UT JIATA JUST ENTER 9 9
A 99 ENTRY ldILL  USE A LIBRARY EXAMPLE
5
“[S T H E  CRUKIE Ilbi A FILE ?
Y
WHAT IS THE FILE NAME?
ZFRSNAM OFEN utitiL 3 6 IisK:FoR36.IMT  *’L MIN.+I!M (I=’C t4031)l
CFRSEFS ErlLei. ~Qr:*ecL file %wecsl
%GASCIJT*[)IL

CUT TB $lFr UOL
s 137.0 7 1 * 6 1U*6
n. . 196.0 59.7 21+9
.3 22800 55*G 2048
4 25(5.0 53*8 20+8
5 283 * O 49*& .20 ● 8

DO ‘(OU WANT T O  CHAiiGE AHY?
N
~Io ‘fOIJ  U~~T “THE ilACl<A’f CONSTANTS?
N

18



Ae this point the calculation can be stopped. The crude oil char-

acterization and, if desired, the Mackay Constants are all that will have been

calculated. However, in order to !!Weather  the crudett , the user tYPes “YES” ‘n

response to DO YOU WANT TO WEATHER THIS CRUDE?

The user input required for an oil-weathering calculation begins with

a YES in response to the question DO YOU WANT TO WEATHER THIS CRUDE? The user

is then prompted for the spill size in barrels.

Following this, the user is “led” through a series of three “compart-

ments” of possible oil weathering. These three compartments are:

1. Oil weathering in pools on top of ice.

2. Oil weathering on the ocean surface in a broken-ice field,

3. Open ocean oil weathering.

The user is allowed to “mix and match” combinations of these three

environmental configurations in order to design a scenario that will best match

the actual or hypothetical conditions for which an oil weathering prediction is

desired. Individual compartments can be skipped and environmental parameters

such as temperature, wind speed, etc. can be changed from compartment to com-

partment. An example of user input for a scenario that involves all three

compartments using a library crude oil is illustrated in Table 10. Following

the spill size specification the user is asked WILL THE WEATHERING SCENARIO

INCLUDE SEA ICE? If the user responds with “N”, the first two compartments are

not used and open ocean weathering follows. If the user enters ‘Y’, as in the

example, all three weathering compartments are offered.

For weathering of oil on top of ice the required input data are: the

numb e r of hours for oil weathering, the temperature, the depth of the oil

pools, the mass-transfer coefficient code, the wind speed, and, if desired, new

viscosity constants.
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TABLE 10. Illustration of User Input for Oil-kleathering  Calculation with
a Library-Specified Crude.

i5iqTER THE NUNHER OF T13F CUTS TO BE C H A R A C T E R I Z E D  ON 12
TF YOU HAVE NO INPUT DATA JUST ENTER 99
A 99 ENTRY WILL USE A LIBRARY EXMF’LE
?’7
CHOOSE A CRtJllE ACCORDING TO:
1 = FRUIIHOE i3AYJ A L A S K A
9 -  COOK INLET?  ALASKA
: ~ UILtiINGTONF  CALIFORNIA
4 =  iiURBAN~ ABU llHAl!I
5- I.AKE  CHICOTS LOUIS IANA
& = LIGHT llIESEL CUT
1.

TB API VOL
130,0 7 2 . 7 2+1
190+0 6 4 * 2 2.6
2ss,0 56*7 3*S
2so  ●  o 51+6 3.&
32560 47. t5 3.7
370*O 45,2 3*3
415*O 41*!5 4 . 3
4 6 0 * 0 37,8 4.8
305  ● o 34+8 Z*O
554  ● o 30.6 2+8
609.0 29*1 6+5
662.0 ~~+z A.a
712,0 24*O 6+0
764 ● o z~,~ 7,4
8 5 0 . 0 11.4 3&.3
WANT TO CHANGE ANY’?

UANT “TI+E MACKAY CONSTANTS?

AT WI-MT TENFERATURE~  DEG F ?
52 @

F’LEASE WAIT

20



TABLE 10 (continued). Illustration of User Input for Oil-ileathering
Calculation with a Library-Specified Crude.

Uo you W A N T  T o  WEATHER THIS oIL?
Y
WHAT IS TkE SPILL SIZE IN B A R R E L S ?
10000
WILL THE WEATHERING SCI:NW?X(J INCLUDE SEA ICE?
Y
bJtiEN THE OIL REACHES THE OIL SLJRi=ACEF
W I L L  IT ldEATHER IN POOLS ON TOP O F  T H E  I C E ?
Y
AT UH~T TEMPERATURE?  DEG l:?
?0 o
FOR H(W MANY liOIJRS?
24.
Hllld llEEP UILL THE POOLS BE IN CM? T R Y  2
~
ENTER THE NASS-TRANSFER C O E F F I C I E N T  CODE: 1? 2? OR 3 ldHERE:
l=USER  SF’ECIFIE~  OVER-ALL ~~ss-TR~~~sFER  cOEFF~cIE~T
Z=CORREL~TIO~  MASS-TRANSFER COEFFICIE/dT  BY MACKAY & MATSUGU
3-IND.IVIDLML-FWASE  HASS-TRANSFEII  COEFFICIENTS
~
I;NTEK’  “ T H E  UI~D SpEE~ IN [f~~TS
1.0
rifl *fOIJ UANT TO ENTER NEbJ V I S C O S I T Y  COP4ST~~TS?
bl

FLE4SE WIT
WILL T H E  O I L  /+Old UE~THER 114 T H E  BROKEN ICE FIELD?
.,I
l;oR H(lbj  i+~i~’f HOURS?
100.

I~;T WHttT  Ti;1YfERfiTUlW9  111:[3  F;’?
;;~  ●

EINTEFI T H E  FR~CTIO~  OF :[(:1S C[lVERr  I * E *  O*7
,,

●  on
IiCl ‘{O(J  U~l+T  TO EfiTER ilEU iY~JJSSE  FCJRfSl~TIO14  C O N S T A N T S ?
N
Iio ‘I’olj MA~T T(J E~7ER A ~EU (JIL-UATER  SURFACE TE~Sxo~  (Dy~ES/cH)?
N
IZNTER THE MASS-TRANSFER COEFFICIENT CODE: 1? 2S OR 3 WHERE:
l -USER SPECIF IED OVER-ALL  ]~ASS-TRA]~SFER CoEFFICIE/~T
2 - C O R R E L A T I O N  ilASS-TRANSFER  COEFFICIEI+T  BY MACKAY 8 MATSUGU
3-INDIVIDUAL-PHASE NASS-TRANSFER  COEFFICIENTS
n. .
ENTER “THE UIND SPEED IN KNOTS
1.5.
IiO Y(NJ UANT THE SLICK TO SPREAD?
.,

;Io ‘fou W A N T  T o  ENTER ~EU (JISCoSITy  Co~STA~TS?
N
~io ‘(au  UA~T THE UEA”THERI$/G  To oCCIJR ldITH D I S P E R S I O N ?
. .

;~o ‘fou UANT T(J ENTER NEU DISPERSIo~ Co~STfi~TS?
N

i:’LEASE WAIT 21



TABLE 10 (continued). Illustration of lJser Input for Oil-Weathering
Calculation with a Library-Specified Crude

IA)ILL  OFE~ C)CE~i+  WE~THERIl@ 140W OCCUR?

‘f
FOR HOU MANY HOURS?
740 ●

AT WHAT TISNPERATUREF UEG F?
40+
tiO ‘fOU l$ANT T O  ENTER tiEU HOUSSE  FORMTIOI4  COIYSTMTS?
IN

Ki(I  YOU U~~T TO ENTER ~ NEW O I L - M A T E R  S U R F A C E  T E N S I O N  (13YNES/CN)?
h!
E~TER “THE HASS-TRANSFER  C O E F F I C I E N T  CQDE: l? 2? OR 3 WHERE:
1-USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY fi MATSUGU
3- INDIV IDUAL-PHASE MSS-TRMSFER COEFFICIEI+TS
~

EF4TER TliE WIND  SPEED IN KN~TS
~-j ●

riO YOU UANT THE “SLICK TO SPREAD?
Y
IiO ‘fo[J WAN”~ T() EN”rER  NEW V I S C O S I T Y  C O N S T A N T S ?
N
rio YOU UANT T H E  W E A T H E R I N G  “ro occuR  uITH D I S P E R S I O N ?
\,

;iO ‘I’O(J UANT T(3 ENTER NEW ‘DISPERSION CONSTANTS?
N

PLEASE WAIT
CF{J time 19.73” E1-Psed titrte 2:34.35”
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The mass-transfer coefficient is for the evaporation weathering

process, not dissolution. There are three possible mass-transfer coefficient

input specifications, and the one recommended is 2 as illustrated in Table 10.

The wind speed, which is in knots, should be less than 40 knots be-

cause oil-weathering processes at and above this wind speed are not quantified.

Also , the lowest wind speed used in the calculation is 2 knots and any value

entered lower than this is reset to 2.

For now, new viscosity constant are not entered. The procedure for

specifying new constants will be detailed later in this manual.

After all of the required data have been entered, the user is asked to

wait while the numerical integration routine is executed. Following this

pause, the user is asked if broken ice field weathering will take place. In

the example (Table 10), the answer is “YES” so the input parameters for broken-

ice field weathering are’ now requested. For library oils the required data are

the same for broken-ice and open-ocean weathering (with one minor exception

noted below) so the following discussion applies to both of these compartments

of the model.

The required data at this point are: the number of hours for weather-

ing to occur, the temperature, new mousse formation constants (if desired), new

oil-water surface tension (if desired), the mass-transfer coefficient code, the

wind speed, whether or not the slick is to spread (YES) or (NO), new viscosity

constants (if desired), whether or not the slick is to disperse (YES) or (NO),

and new dispersion constants (if desired). For broken-ice weathering one other

parameter is required, the fraction of ice cover.

As shown in Table 10, dispersion and spreading are “on” for the

example and no new constants have been specified to replace the library values.

The same guidelines for mass-transfer coefficient code and wind

speed outlined above apply for the last two compartments as well.
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The fraction of ice cover is used to calculate the reduction in

spreading rate due to the broken ice. The spreading equation (or algorithm)

used in the oil weathering code(s) is a correlation based on observation. At

present, there is not a mechanistic model (except possibly Elliot, 1986) that

applies to the open ocean, and especially the situation where ice occurs or

where ice cover changes as a function of time. The correlation algorithm for

spreading can be changed quite readily in the oil-weathering codes in the event

a useable algorithm is published. The search for a more realistic and

mechanistic spreading model for all situations is on-going.

The preceding input description illustrates a straightforward use of

the information programmed in the oil-weathering code, Illustrations of how

the programmed information can be changed are presented in the following dis-

cussion. Altering the programmed information allows other crudes or petroleum

cuts to be entered into the calculation, or actual spills and experiments can

be analyzed to find the best physical properties or rate constants which pre-

dict observed data. Such alteration can be used in each of the three compart-

ments of the model so the following discussion applies to each of those

compartments.

The first input

mousse-formation constants

information that can be changed by the user is the

as illustrated in Table 11. The mousse constants

appear in an equation which quantifies the rate of water incorporation into the

oil with respect to time. This rate equation is (Mackay, et al., 1980).

(1 -

[1

K2U) exp -~ = exp (-K3K5t)

where W is the weight fraction water is mousse. K1 is a constant in the

viscosity equation, K2 is a coalescing-tendency constant, K3 is a lumped water

incorporation rate constant, and K is the factor included in the equation to
5

increase the mousse formation rate in the broken-ice field. K1 appears in a

stand-alone equation for the apparent viscosity of the emulsion as (Mooney,

1951)
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TABLE 11. Illustration of User-Specified Mousse-Formation Constants

00 YOU WANT TO ENTER NEW )IOUSSE FORHATION CONSTANTS?
Y
1+ ENTER THE MAXIHUN UEIGHT F R A C T I O N  ldATER IN OIL
*60
9~, ENTER THE MOUSSE-VISCOSITY CONSTANT? TRY 0,65
●  63
3* Ei4TER  THE UATER INCIII?PIIRATION  RATE Ci3NSTANTp TRY 0.001
cool
4, ENTER “rliE BROKEN ICE FIELD MULTIPLIER FOR MOUSSE FORMATION
5+
110 YOU UANT TO ENTER A NEW OIL-WATER SURFACE TENSION (llYNES/Cfl)?
Y
“rRY 30.
30+
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P
[1

=  P. exp +@-

where p” is the parent oil viscosity, K1 is usually around 0.62 to 0.65 and

apparently does not change much with respect to different types of oils.

The constant K2 must satisfy the relation K2W < 1 in order for the

water incorporation rate to be

weight fraction water in mousse.

and is a function of wind speed

calculates K from
3

> 0. Thus, K2 is the inverse of the maximum

K3 is the water incorporation rate constant

in knots. Currently the oil-weathering code

K3 = 0.001 (WIND SPEED)2

and the constant actually entered by the user is the 0.001 constant above.

Thus , referring to Table 11, the first mousse formation constant

entered is the maximum weight fraction water in the mousse. The reciprocal of

this number is used for K
1“

The second constant entered is the viscosity con-

stant in Mooney’s equation and this number should be 0.62 to 0.65 unless exper-

imental evidence suggests otherwise. The third constant entered is the multi-

plier of the

as indicated.

to a typical

value. In the

this constant

prompting

transfer

(wind speed)2 which then yields K3. This number is around 0.001

There is limited data available for K5 but some evidence points

value of about 10 for broken-ice fields, which is the default

open ocean, K5 is by definition 1.0 so input is not required for

in the open-ocean section of the code. Note that most of the

for input also prints suggested values for each constant.

The next input parameter that the user can change is the mass-

coefficient for evaporation. The input illustration in Table 10 uses

the correlation mass transfer coefficient as developed by Mackay and Matsugu

(Mackay and Matsugu, 1973). Table 12 illustrates the three possible input

26



TABLE 12. Illustration of Three Input Options for the Mass Transfer
Coefficient for Evaporation

ENTER THE Ph4SS-TK’ANSFER C O E F F I C I E N T  CODE: l? 2? OR 3 W H E R E :
l=USER  SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIENT BY MAC1{AY & MATSUGU
3-INI/IUI13UAL-F’HASE  MASS-TRANSFER COEFFICIENTS
+

:NTER “THE WIND SPEED IN KNOTS
IQ*
00 You UANT “17iE SLICK TO SPREAD?
Y
ENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT? CM/HR~ TRY 10
1.0.
[icl ‘{0(; WANT “TO ENTER NEU UISCOSITY CONSTANTS?

ENTER THE ;IASS-TRANSFER  COEFFICIENT CODE: l? 2* OR 3 ldHERE:
l-USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT
2=CC)RRELATIGN  tiASS-TRANSFER  C O E F F I C I E N T  BY MACKAY & MATSUG!J
3-INDIVIilUAL-PHASE MASS-TRANSFER COEFFICIENTS
~
ENTER THE UXND SPEED IN KNOTS
1.0.
II() Y()[J  WANT “TI+E SLICK  Ta SPREAD?
‘(

EINTER “THE ?IASS-7RANSFER COEFFICIENT CODE: 1? 2? OR “3 WHERE:
I=USER  SFECIFIED OVER-ALL I+ASS-TRANSFER  COEFFICIENT
2-CORRELATION MASS-TRANSFER COEFFICIENT BY MACKAY S tlATSUi31J
3-INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIEI+TS
3
ENTER THE (dIN13 SPEED IN I{NOTS
10*
HO ‘;(IU U&NT THE SLICK “TO S P R E A D ?
‘{
ENTER “THE O IL -PHASE ilASS-TRANSFER  COEFFICIENT IN Ci’1/’HR~ TRY 10
10+
ENTER “THE AIR-PHASE i~ASS-TRANSFER COEFFICIENT IN CP1/HR? TRY 10QO
1000  ●

Ei~TER THE MOLECULAR WEIGHT OF THE CONPOUND FOR K-AIR ABOVE? TRY 20(
209.
1143 YOIJ UANT TO ENTER NEU U3SCOSI”1Y C O N S T A N T S ?
N
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options for the evaporation mass transfer coefficient. The first input option

shown in Table 12 allows the user to input the mass-transfer coefficient

directly in contrast to the second input option where the coefficient is calcu-

lated as a function of wind speed and slick diameter. In the third input

option the user can enter individual-phase mass transfer coefficients. In this

last option the entered coefficient is scaled according to the square root of

the molecular weight of each cut to yield a coefficient specific to each cut

(Liss and Slater, 1974) . The coefficient in this last option is also scaled

according to wind speed according to Garratt’s drag coefficient (Garratt,

1977) .

After specifying the mass-transfer coefficient options the user can

specify if the slick is to spread or not. This option is illustrated in Table

13 by entering YES or NO to the prompt. In this particular illustration the

user has specified that the slick does not spread. This option is useful for

investigating evaporation from spills on solid surfaces such as ice or land.

When the no-spreading “ option is selected the user is prompted for a starting

thickness, unless previous weathering has occurred in which case the remaining

thickness is used. In the illustration in Table 13 the entered thickness is 2

cm.

The final physical property optional input that can be specified by

the user is the viscosity. The viscosity-prediction for the bulk weathered oil

is important when dispersion of oil into water occurs since viscosity appears

in the rate equation for dispersion. The current method of viscosity predic-

tion is based on the viscosity of the initial crude at 25”C, a temperature-

scaling constant, and a fraction-oil-weathered constant. The viscosity

predicted at this stage of optional input is for oil only, and must not be

interpreted as that viscosity when an water-in-oil emulsion is present. The

further change in viscosity due to water-in-oil emulsification (mousse

formation) was described on page 4.

The viscosity at 25°C is scaled to other temperatures by the Andrade

equation (Gold and Olge, 1969) which is
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TABLE 13. -Illustration of the “No-Spreading” Option and Starting Thickness
Specification

ENTER T H E  ;lASS-”1’RANSFER C~EFFICIENT C13DE: l? Z2s OR 3 UHERE:
I-USER SPECIFIEII OVER-ALL MASS-TRANSFER COEFFICIENT
2=CORRELATION  MASS-TRANSFER COEFFICIENT BY MACKAY g tiATSUGIJ
3-INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS
7
l%TER THE WINII SPEED IN KNOTS
1 i)
DO Y(XJ UANT T H E  SLICi( T O  SPREAD?
N
SINCE “;HE SLICK DOES NOT 5PREAD~ ENTER A S T A R T I N G  T H I C K N E S S  IN CM
~.
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and the temperature-scaling constant is B. This viscosity of the weathered oil

is calculated according to exp(K F) where F is the fraction weathered (Tebeau,
4

Mackay, et al., 1982) i.e., fresh crude oil has F == O. As weathering proceeds,

the parent oil viscosity increases exponentially with respect to F.

The user can enter the three viscosity constants by answering YES to

the prompt illustrated in Table 14. In this illustration suggested input

viscosity constants are printed along with the prompt.

The constants which appear in the dispersion process can also be

specified by the user.

described by two equations

F =

The dispersion of oil into the water column is

(Mackay, et al., 1980):

KaKc (U + 1)2

and

FB = (1 + KbM 0“5 6X)-1

where F is the fraction of sea surface subject to dispersions per second, U is
-1

the wind speed in m/see, and Ka is a constant, typically 0.1 hr . FB is the

fraction of droplets of oil below a critical size which do not return to the

slick, ~ is a constant, around 50, p is the viscosity in centipoise, x is the

slick thickness in meters, w is the surface tension in dynes/cm, and Kc is the

constant which determines the increase in dispersion for broken-ice fields.

Little experimental data is available for K however some limited data sug-
C’

gests a value of 10, which is the default value. In open-ocean weathering, Kc

is by definition 1.0, so input for this variable is not required in the
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TABLE 14. Illustration of Viscosity-Constant Input Options

uo ‘f~~J w~~”~  TO ENTER  iYEU UISCOSITY CONST$NTS?
‘f
“10 ENTER Tl+lE BULK CRUDE  V ISCOSITY  AT 25 IIEG C? C E N T I P O I S E S  “~l?Y :3!5+
42 ●

J?..” * ENTER THE VISCilSITY 7EfIfPEi?ATURE SCALING CONSTANT  (ANllRADEl~  TRY 9000.
9000  ●

a, ENTER THE U1SC~:31”TY”-l:l?r~CTION-OIL-UEATHERED  CONSTANT? TRY 10+3.*

1.0.5
rio ‘fOIJ UAN”T THE UlsA”TlilER:[Ni3  “T(I OCCUR 141”TH DISPERSION?

:0 ‘fm.j WAN”T “To ENTER HEU I3:[SPERS1ON CONSTANTS?
‘f
ENTER THE MIND SPEED CONSTANT?  “TRY 0,1

1
;hTER T H E  C R I T I C A L  nROpLET SIZE CONSTANTP  TRY 50
,- .-\J{)  ●

ENTER THE URDKEN ICE FTELD DISPERSION MULTIPLIER
8+
UO ‘fOIJ UANT “THE WEATHERING “TO OCCUR WITH DISPERSION?
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open-ocean portion of

dispersed droplets if

Table 15 illustrates the

Output Description.

the model. The mass fraction that leaves the slick as

(Fb). (F) and this fraction applies to each cut of oil.

user input of the constants Ka’ ~, and Kc.

The output generated by the ocean-ice oil-weathering code is written

to four disk files: OILICE.OUT, OILICE.TYP, OILICE.PLT  and MACKAY.DAT. These

files contain the calculated results in various forms. The OILICE.OUT file is

130 columns wide and intended to be printed on an appropriate high speed

printer. The OILICE.TYP  file is an abbreviated version of OILICE.OUT. The

OILICE.PLT  is a numbers-only raw data file and

plotting routine or other data processing routines

the user. The MACKAY.DAT file contains the input

evaporation model.

intended to be read by a

which must be supplied by

parameters for the MACKAY

An example of the OILICE.OUT file (130 column) is presented in Table

16 where the calculated results for an oil-weathering calculation for Prudhoe

Bay crude is presented. The first page of this output is crude characteriza-

tion information for fresh Prudhoe Bay Crude Oil as calculated according to

previous descriptions (Payne et al., 1983, 1984a). Page 34 presents the

mass-transfer

beginning of

ice. Pages

presents the

intermediate

coefficients, the input parameters and constants, and the

the results of the calculations for weathering in pools on top of

35 through 38 are the remainder of these calculations. Page 39

characterization of the oil after “pool-weathering” . The

characterization is used automatically as input for further

weathering as directed by the user. (Note that the volume percents and bulk

API gravity have changed,)

For the scenario presented in Table 16, weathering in the broken-ice

field at 32F was chosen next. Page 40 presents the input constants and the

beginning of the results for this weathering.

One important aspect of the code output to notice is the deletion of

very volatile cuts . The information presented for various times is self
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TABLE 15. Illustration of Dispersion Constants Input

~io Y~[J U~~T THE WEATHERING TO 13CCUR bJITH DISPERSION?
Y
DO ‘1’~lJ WANT To ENTER NEW DISF’ERSION  CONSTANTS?
‘f
ENTER  “1’HE ldIi411 SPEED CONSTANT? T R Y  Osl

~
;~TER THE CRITICAL D R O P L E T  SIZE CW3TANT~ TRY w
50 ●

ENTER “THE BROKEN ICE FIELD DISPERSION MULTIPLIER
G9*

PLEASE WAIT
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TABLE 16 (continued). Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 320F for Weathering in Pools on Top of Ice.

‘riHl: = ~.lK+W IIOUIIS.  HASS FllACrlON  OF M(:U  CUT  IIKIIAININI;S
n.:lt-ol ?.tw-t)l  Y.*K-ttl 9. W-ol
1 .ON+UO

1 .w+lw I .Ob:+oo I .UK+LW 1 .Oltuo 1.01:+00 I .O1:  +4)0
:1

4. elt+tm i UK*W I . W*(M)

HA*S  IIKNAINIM:  =

I . OK**

1.:M7K+W). HASS DISI’FJISHU  = tt . UUO1:+(M)  . HASS tWAIWllA”rkX) =
kllAt:l”loN  ~UAStU} U N  MASS) IIMAINIICC IN IWE S1 ICK= 9.uK-01.  ANKA=  7.w.:*u.I  H*W.

2.IIA41<+07,  SUH = 1 .:19:iE+09

WK14:IIT FUACI1ON  UA’t’Kl\  I N  011. =  8.oE+M. Vlscusl’w  =
‘l’lil(:r.NtXS= 1.9k:+w C!l. H4)I.K  UT=27tt.8

HASS/AUttA=  1.7K+04 Wk4/H*H, slw~=  B.w-01.
I  .6K+u:i ctxrrlsrot:w. 11 I S1’tUIS 10N ‘rNJiF1 = 0. ttl:+uo  UK I CUT WA(X 10N/lIll

“rmA1.  VOLUHN= 9.7K+o:I UNI., lllS1’tillSION= t).Ol:+W  Cms/H~ti/llli, EVAI’ tht’rlt= t.W+W C?kWHX~uh

Il!lt:  ❑ :1.lE+W 114NJIIS, H A S S  FIIAC710M  W EACU CUT NKMAININ(;:
I .*)t:-ol s.w:-ol  U.W-01 *.7E-01 9. *E-O I
I  Otittm

I . LWttttl I . Ott+wl 1 .W+ttu
4

I.al+w I.UE+WI I . Oli+w 1. Wtw I .*E+OO 1 .Wl+w

HASS UKHAINIIN;  = l.:izilK+O’).  HASS DISIWNSEU  =  0.00UK+W.  H.WS EVAIWM’rl’X)  =
FllAiYrlt)N  lU\SM)  U N  HASS)  IIMAININC Ill I M E  M.ICK=  9.7M-t)l  , AllH,\=  7.w+(M Hx4U,

:1.7fiSl:t07. SUH = I .395K+09

UKICIIT  FN,MH’ION  UATHI  I N  0!1. =  Q.@EtO@.  VISCOSITY  =
‘rlll~:~:fu:s~’ 1.’W*OO 4:H, HOI.E wr=27:i.4

HASWAIIEA=  1.7E+(t4 UIS.’H*H,  SIWII=  8.8E-tiI.
1.7K+o:I  i:txrrlsrows.  OISIWISION wmH =

TWrAL  VUI.UHK= 9. 7E+W Util.  .
O.OE+W WKICIM  FllALTli)N/ttlt

UIMWWJ1OH=  O.WL*W  WtS/H.#N/Ull.  WAI’ IMW= 9.3E+OI ClU4/PIWi/iUl

‘rlHfi =  4.2v+ttu  uouus,  mss FIIALTION  OF KArJl c u r  IIKHAININC,
t.w-ul 4.UK-CJ1 It - 4U-O 1 9. 6E-C?I 9. w-t) I I .Wtw I .Okl+w I .OK+OO

5

I .0V*04$
I .OE+WI 1 .Ut+w I .W+w I . W+w 1. W:*UU 1.W:+WO

HASS UkllAININC  = 1.:151K+09.  MASS ttlS1’NllSFJ)  = O.UWK.+W. MASS KVAIWIIA’IWN =
HiACrltIN  {IIASEI)  ON HASS)  IIENAIHING  I N  IUE SI.II:K=  9.7E-01,  AllfiA= 7.9K+04 H**2.

4.447K+07.  sun = i . :195h:+4v)

MU14:UI  IWACIION WAIWI  I N  011.  =
“t’tllCKNl~SS=  1.9Edt(t cm.  MJI.K U’r=27@.O

O.OE+OU. vlst:osi’ry  ❑ I  .UK+O:I  cmrls-rwkx.
HASS/.4llEA=  1.7E+W  CHS/H*H, SIWN= tl.i)tC-4tl,

l)lS1’tJiSIUN  TKIIH  =  4,).uE+w  UKICllr FtlALTION/ttll
‘rmxt. VOI. NW= 9. C,NWI m u . , ttlSt’KtlSlt)N=  o.OE+W (Xls/WN/lUl. IWAI’  llA’rE= 7.3~+01  CIW/HXN/IIH

“I”lflt  = 6.:iE+Wt UtNINS.  HASS FNMXION  W’ IM:tl CUT NtYIAININl::
:{.2K-02 :i.:lE-*1 7.7K-ttl V.+ F.-U1 9. Wi-ol 1 .W+tm

7
I .Ot.+wl I .Otl+uu

I .Ot.oo
I .Oh:ttto I .01:+00 I  OE+W 1 .W:+tm I.uk:+w I.OK+UQ)

HWS t{WIAINING  = I .:t41E+UV. HIWS UISI’I:IISEII  = ~l.OUOk.WtJ.  PtASS KVAtWtAltU)  = 5.471KW7. sum =
FtiAC1’10N tUASKll  ON HASS)  IIFMAININC  I N  ‘INK SI.14:K=  V.(W-01  .  AIIFII=  7.411!+04  H**2.

I .:196K+OQ)

w~lt;lrl FllACrlUN NAWXI  I N  011. =
“rll14:KNF-%S=  i.9K+w  CM, HOI.H WIL21L4).O

O.OK*IIO. vlst:wt”ry  =
HASS,AllEA=  I  .7E*Wt UIS/H*H, SIOCII=  U.W-UI,

I  .VK+O:I  4:KN’I’1*”1’OKFX. hlS1’ltllSION .rFllH  =
wrr,w  vm.ufw=  9.5Kw;I  tttn.,

0. OF.+00 WK I(;WI’ FN.MXION/l  Ul
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TABLE 16 (continued). Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 32°F for Weathering in Pools on Top of Ice.

MASS HMAININC = I . :K10K+tt9 . HAS OISI’FJISKU  = O.OUOF+OU, HASS IIVAIVNIA’IWI)  =
HIA~XIUN  (BASEI)  O N  HASS)  llFYtAl#lW  IN T8E SI.I(:K=  9.5E-01.  AIIF.A=  7.9tiT04 H**2,

6.5:15H+07, sum = t .39W+U9

twit;wr bmcrim  umtm  IN 011.  =  O.oE+ua.  vlscostm  =
TOlt:KN&S=  1.9K*W cm. NOLE wr=m4.o

:.IE+O:) (:KNTISIXJKF.S. I}ISPEI{SION TFJIH =  O.OE+OO UK1(;OT  HIALTION/Hli
ttASS/AllFA.  1.7Hdb4  (XWM*II, SPCIG  @.9E-01. ‘rwtm.  VOI JIHH= 9 .  4K  +0:1  UIJI,. l)iSt’FJISION=  M.OK+OO OiS/M4N/1111,  kXAP IIAI’E=  3.6E*OI CNS/Fl*N/lMI

,rlH~ . I .OK+$tl WUltS. N A S S  FilALTION  OF 2A(XI  COT NE)IAININ!;:
2.ltN.-o:l I . 5E-@l 6. 4E-UI 9.lkl-oI 9.IIE-01 1. twtw I .OK+OO 1 .LMi+oa

II

1 .ot.*oo
1. 6E+69 1 .OK*W 1. 0K+68 I .oEtod 1. oEtoo I . tm+wt

MASS lIENAINING  = 1.:127E+09. M A S S  DISPE!iSEU  = t).00t1K+i$O.  HASS KVAPONAIWU  = *.014JK+O?.  *UH =
VllAtX1ttN  lBI\s~D UN NASS)  UEMAININC  I N  TUE tU.lt:K=  9.6E-(JI, AllF21=  7.9K+04 M**2,

I .:I*5K+09

WICIIT  11’H4CIION  WA’t’F2t IN 011.  = O.OE+eO, V I S C O S I T Y  =
IIIICKNIW: 1.9EWI M. NULK wr=2u5.1

2.lE+W:I  cM’rlsroKFs, lllSIWJtSION””rFJIM  =  O.W+W UEli;ST FtiALTiON/101
MASS/At{EA=  1.7E+04 t2tS/ti*M, SIWR= C).9E-01, ‘IWTAL WI.UHU=  9.4E+LKI  BUL, ltlSrtttlSloN=  O.W+OO  t;NS/fl*ft/HH, EVAP mm= 3.3E+OI cNs/rI*N/Hfl

SrtX”  S1’22  O F  2.619E-01  I S  UASEI.I O N  CUT 2

‘rlnt = 1.2K*OI  WWS, fiASS k’NAtXION  OF KACU  CUT IIFX5AININC:
1.5H-02  I.*K-@l 6. IK-01 9. OE-01 *.Iltt-@l
1. oK+4io

1. ekl+ww I . oEttM)
12

t . OE+OO I .oE+Oo 1. tifi+oo 1. Okltoe 1. Ull+oe 1 .aEtuti 1 .OE+W

nASS IWXAINING = i .:124E+09, HASS i)ISIOFJISEl)  = O.W!IE+W#, hASS EVAPUIIATFX)  = 7.U76K+07. s u n  =
k’ltACrION  (tJ\Sk21  ON HASS)  UEXtAINING  I N  TIIE SLlt:K= 9.5E-Ot.  AIIEA= 7.9K+04 tt**2.

I .395K+09

UEICNT  bWACrION  UATHN In 011.  = @.@L+oO.  V I S C O S I T Y  =
‘rlllCKNFSS=  1.9E+4MI  CM. NUI.K W1’=206.O

NASS/AllEA*  t.7E+0-i  (XM’H*H, SPUI= 8.9E-01.
2.lN+M:I  Ci2tTlSrOKt2J.  IJISPENSION  TFXiM  =  O.OE+LW UKICttT  FllAtXION/Ult

TWI’AL VOLUMt:= 9.4E*o:I  Ulll.. I)ISPUISIUM=  O.C)E+W  cNs/fl*N/ull, EVAP min. :1.ou+el (xfs/H*m~

SWXO S IZE  OF 2 . 6 0 6 2 - 0 1  I S  UASW O N  C U T  2

TIUK  = I.:IN+OI  00011S,  NAss  Fli44xloN to’  Imcu  t:wr IIH4AININCZ
8.2H-04 9.9E-WJ S.UK-@l 11.9t:-tIl 9.UK-U1 1 .Olt+tm I . OE+OO 1 .*K+W I .OE*W 1. tm+t)tt ,  .alz+w  ‘:’
I .OK+OO

I .OE+W I . Oll+oo I .&K+w

MASS llFXtAININC  = I .:123M+OV. mss Ulsl’tulstio = O.ULIOK+OO. M A S S  KVAIWMIATKB = 7.:11OK+O7,  SUM =
FIIA13’ION  (8ASKI)  ON NASS) llFX4AlNtNC  I N  “rOK  SI.16:K’  9.5H-01. AUKA=  7.Vti*04 M***.

1 .395K+09

WKICIIT  FIIACrION  MAvw4t In 0 1 1 .  =  o.qti+tm,  vlscosm  =
TIIICKNFSS=  1.9E+o0 CH.  NOLK UT=206.9

NASS/Al{EA=  1.7E+04 4MtS/H*M,  sIWII=. fl.o)k:-01,
*.*K*w.\  CKN’rlwruKFS, lllSt’KNSION TFJIN =  O.OE*OO  UMI(;OT FMACrlON/lllt

TwrltL  VOLUNE=  9.4E+W 8UL, OISFFJISION=  O.tmtus cNs/r14n/uli,  KVAF tmw= 2.UE*UI  Glls/R*N/Hft

I’IHK = I  .4t:+t)l  IIOUIIS MASS h’NAiH’lllN  01? EACU  Clrr NIWAININt::
4.41:-04 U.tt:-w? !i.oi-el u.uE-ul v . Olt-o  I I .Oll+utl I .UF+W

t4
I .OE+W I .OK*UO I .OH+W i .(!K+@o 1 .OK+OO I .0K+4UI 1. OK+*

1 Ot:+tm
FIAS?: llkNAININC  = I .:1W$H*I)9. FIASS UISI’I:NSE1)  = U.wot’+m, MASS KVAIWNA’1’KtJ  = 7.w25tl+07,  sun =
~N.tt:rlt)N {U,lshl) ON  MASS) NKffAININC  I N  “I’ll}: S1 II:K=  ‘).SWIII.

I .:195K+OV
ANNA=  7.9K+04  H**U,

MK Ii.111’  FNA(:r  I UN hAl”t31  I N 011. = O.OE*OO.
TIIICKNF-SS=  1.9K+w  CH, fiul.fi  Wr=207.7

Vt>t:tlsl.)y = 2.2K+O:I  4:KNrlwloKKs,
!lASS/AllFA=  1.7K*t14 CHS’H*H,  S1’!;11= ti.9K-Ul.

UISI’F21S14)M  TFJif! = O.MK*OO  14Kli;11’1’  tllAL”llON/lUt
‘IW’A1.  V(II IIHI:= 9. :lhit):t  tIUI. , OISl)tJISION=  O.OK*OO  t;lws/rl*H/110, KVA1’ wvtw=  ~.~~+~~ ~Ns-’rl*fl/uR
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TABLE 16 (continued). Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 32°F for Weathering in Pools on Top of Ice.

HASWAIWA=  1.6K*04  Mttdl*H,  SPCN= U.Ok:-Ul, “IWIAL VOI.UHI:=  4).2N+O:i  NUI.,  l)lSPNJISl{)N=  O.UK+OO  CIW/HXH/1111. KVAP  NATK= I.UK+O1  CltS/11*11/IIN

S“rkl’ SIY.K  OF 2.S22}:-01 1 S  UASEO O N  WIT 2

L.J MASS iIiNAININ4; = 1.:107Et4w, HASS DISIWNSKD  =
Q

~.ii(Nlti+OO,  MASS KVAPONATEU  = U.UMK*07,  sum =
FVIAtXION  ~DASKb  ON M A S S )  lIMAININC  IN TNE SI.ICK= ~.4k:-ul,  ANEA= 7.9K+0.l H*z2. “rUICk’NFsS=

I .:195K+09

Iitilt:llr I U I A C I ’ 1 O N  WAIWXI IN UIL = O.OE+O@,  VIStXIS1’rY ❑

t .m+tm cm.  HULK wr=292.5
2.4K+o:I  c~rrrts-ro~w.+, lIlsPKIL*luN  Ttmrn = O.OK+OO uwlcwr  FNALTION/lUl

NASSZAUEA=  1.6E+04 (MLS/ll*H.  SIWN= 11.91t-01.  TWr,4L VO1.UtlK=  9.2Ei(K\  UIU., I)ISPKUSIOM=  O.tlK*@o  ms/H*N/1111, &XIAF  NATE= 1.6K+01 CHs/MxWlln

ltHN = ~.:t~+oi  il~lls.  HASS t’llAtYrlUN  OF EACU  C U T  NKHA1NIN4;:
t.7K-06 l-m-w! :1.6K-01  O.OE-01 9.bK-al

2.1
9.9K-UI

I .@:+wJ
1. OE+W I .OK+OU I . t$Ktod 1. Ot.+w 1. Olitw 1. tm+oo 1 .UK+W 1 .tmteo

HASS NFXQAININC  ❑ 1.:MMK+09, NASS l)lS1’#:NSkXJ = O.tNMW+ON.  HASS MVAI’ONAIM = U.954E*U7.  SUM =
FHACTION  tUASEll  O N  llASS)  IUMIAININC  I N  ‘IWE til.lt:K=  9.4K-UI)  ANM=  7.vK+04  Hx*3, I’UICKM}SS=

I .:IWW+W

MEICIIT  l’wAcrloN  WA’I’EN In 011.  =  O.OK+UO,  Vlst:osl’ry =
l.utw cm, HULK wr=xl.o

3.5K+wI cb:rrribmim, UISIOblllUN  TFJtN  ❑  @.@Etw  WEIIXIT  F1lA(XION/lUl
NASS~AllEA=  1.6E+04 tMS/M*N,  SPCN= U.*E-01,  T~YrAL v~l.llHE=  9.3E*O:1 IUJL, I)lSI’EUSIOH=  @.0K*@4t  CHS/N*N/HN, E V A P  HATE= 1.6K*@i  CHS.-’MdlRlR

STEP SIY.E  or 2.5U:lHTUi  IS IIASKI)  ON (:UT 2

IIIN 4:UT  NuMU~lIINC  UFJ;lNS UI’I’11 I IIASI: II t)N ‘1’111: ~Nllt; lN, tl. (:U’1’  NIIHIIF.Ns
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TABLE 16 (Continued) Output From Oil-Weathering Calculations; Beginn’
for Broken Ice Field Weathering at 32°F. (Note
renumbering of cuts).

U~.iTUEUINC  lMTA  k’(Nl  {Ill. I N  A  IWIOKKN  ICE  FlkU.U
A#-rKN  ICE Puwl.  WATllxnlmc Wlt 2.400K*OI  Iluulw

OVEJ\-ALL  MASS-TUANSFEU  tX)EFFICIEN’rS  UY lttlV)T Ci)l)ll  2

OVE1l-AIJ.  NASS-’IIIANSHX  COk’’&’lCl&NT  FuII  t:UHFXK  = 1.957E+OI 11/1111

CUT H/1111 Ctl-NULE../( uu}itirti}(fwxu  )
I *.1,.B~:+(j, 9.4:wlH+u2  .
~ 2.(JuQxtbJl
:1

-~.~,~q~+~.J
2.IJ54X+OI *.174E+02

4 2.m*K+#a 9.*63K+02
5 2.w7x*l)l U.96SK+02

1.9U7K**I U.U76E+W!
: 1 .97iKtol
u

U.U04E+W4
1 .957}:+01 ti.74aEto2

9 I .947E*OI 0.697K+02
10 1 .W.15K*OI
II

U.646E*021.9*J~+f), a.5N4E*02
‘* 1.911K*OI 8.537E+02
I :1 I .9W2K4UI 8.497E+U2
1+ 1 .Wmtel 8.457E+#2

c- EIXI 1111S SI’lLL OF 9.195E+wI  8ARRELS0 TUE HASS IS 1.:l@4K+0:{  tlmlilc

voum~ mutt suruttffl:  mm curs  = 1.5E+wd tl*=:i.  0!1 9.lmK+w.t  BAimms

WIMI) S1’mo = 1.2@@E+@l KNWrS,  O H  2.224E+~  N/UII

TONNES

ng of Calculated Results
deletion of cut 1 and

IMII’1$1. S L I C K  DlAtlH121  =  :1. IU2E*02 H. ON AMA

KiIIEHATiC  VISCQSITV  OF TUll UUi.X CUIJOE  IWUN TUM

KINMIATIC VltWJSITY  UP TUE  MILK  CIIUI)E  t’UOH  TICK

VISCUS1’I’Y  ACGOOOINC  TO M A S S  LXfAPUUATEOI  VISXiC

. 7.9!JOE*04  H**2

WTs = 6.4E+oIJ  cKNTltrr~Ks  A T  122 OFC  F

cum = j-~K+@j  A,r 4r , :12.e IMX E’, SCALE FA&lWl = t . liEtiMt

= :J.wm+ol, ANIUIAOE  =  9.00K+O:l, lUiAL7  UKATUKOttO =  l.daE+Ol, VSLHAD =  S.50E+02  CP

NOUSSE  CONSTAN’mi  lUtUNEY= 6.20E-01  .  H A X  UM= 0.70, wiNh#.*~=  I .OU.W

WE t’OAWIOMAL  SLICK AUKA SUOJWT IW IJISPKUSIUM  I S 3.5K+MI  PVJI IIOUU

C O U N T  miit c u r s  IN ww mJAJNIt W uuwrr  mMI i.wr w) uimr
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TABLE 16 (Continued) Output From Oil-Weathering calc~lations; prudhoe Bay Crude Oil, Time
Versus Calculated Results at 32 F for Broken Ice Field Weathering.

IIHE = 160;;~$1110~ll;i_~9U~~~jilN  UF EACII cur llmAININc:
6. SE-01 9. Vlt-t)l
NAss  HENAINlrN:  =  “

1. OE+W
t .295E+ti~),  -ilASS’ OISPY.Ns~  =

I . Oll+tto
2

I .eK+cM!
6.1311?+06,

I . 4)K+U() 1. OK+OO 1. OE+M 1. OE+w 1. OK+W
HASS EVAPONATEU =

1. OK+oo

FIIACXION  (BASEU  Oti HASS)  NFXAIHIMC  I N  TOE SI.I(:K= 9.9K-01. AllM,\= 1.IK+M5 H*%:,
2.65(W+U6, Sb14  = 1.:W4E+W

NEIWT FltAcrlon umx In OIL = 3.*E-UI,
‘IIIIWNIXS= I.:lti+oo CH,  NOI.R wr=2v4.6

vlscosl”l’Y =  1
HASS/,$11~=  1.2E+04 CltS/H*H,  SPGI1=  U.Vli-01,

.2K+tt:i  cwrrltmotc~, OISPKIISION  “1’FJtH  = 6.3E-o:\ n~lclrr  FIIA{,TION/W
mrrAL VOLUIW 9.IE+03 m., I)ISI’FJISION= 7.:lk:tOi  CNS/H*ti/1111.  EVAP IIAIW=  2.Sll+~l  lXIS/It*N/UR

. .

TIHK = 270;;~g,00UliS,  NASS91&C~jON  ok’ khicu cur IMIAININC:
3.4M:-L$l 9.:w-4tl 9. *E-01
MASS ltFMllilNC =

9. *E-O 1 4J.lJ~-~1 ‘ 3.
V.9K-UI v . Q)F.-o  i

1.2U4M+09, HASS lIISPENSED  =
9.91:-~~ * . 9E-01 * .9E-411 9. 9E-@I

1.437K+O?. MASS EVAIWMIATEU  =
9. 9E-131

n.?:i4K*u6.  sun =
FNA{XiON (UASIXI  Olt HASS)  IU?.MAININC  lit TW t3i.lCK=  9.llE-t)I, AllEA= 1.4E+@  Mx*2.

1.3e4E+twJ

Ut:lt;lrl”  10IACrlON  MA’PEN I N  O I L  = 4.9E-01.  VISCOSITY =
‘IIIICKNFLSS=  I. IF.+00  CM. HULK ~=295.U

:,.~~+u:,  t:KN.rl#rOK~S. OISIDFmIOrI  lwJui  =  4.7E-0:1 numrr k71AL~10N/HIi
MA.SS/AOltA=  9.3E+0.k CNS/H*N. SPOR= 8.9E-01,  ‘IIWAL  VW.UIW:= 9.W*WI WI.. I)ISI’N41SIOM=  4.4E+dl  tWIS/N*N/llH, EVAI’ liATE= 2.:tU+OI  CNS/H*N/U

‘Ilmti = :). lK+OU  Nouns, NASS FHAL~ION  OF mm cm IIKHAININC,
2 .@K-al 6.WC-01 9. tm-t!l *.7E-01 9.lM-@l 9. lm-ol V.u-ol

4
9.lM:-i)l

HA*S NFNAININC  =
9.OK-01 9.ul.:-til 9.oE-til

1.274E*@9.  NA% DISIWJtSEO  =  2.045E+07, liASS kWAPONA’rtiN  = 9.@osE+o~ suN  =
9.UK-411 9.IJE-01 9.8E-@I

FHAt.XION  (OASEll  ON HASS)  OENAININC  IN l’llE SLIUK=  9.ttE-ul.
1.304E+t19

AIKA=  1 .6V.+U5  H**2, TlllCKN&= 9.2E-01 CH.
tmmrr FNACTION  bhimt  I N  O I L  = 4.IE-@l, VISCOSITY =

NuLlt  ur=297.e
o.oE+wI  c~trrlsrottw,  ulsrkxksitm  Tmn  .

NASWAIIEA=  ti.2E+0.l  MS4*H, SPCR=  8.9E-01.  7V1’AL  VO1.UtiE= 9.OE@:t  BIIL,
:1.4}:-0:1  UKIUNT  FliAC710N/HN

I)ISPEIISION=  2.OEtt)l  WS/N4N/lIn. EVAP UATE= 2.lEt@l CNs/Nx~Hn

IIMK = 451~;~~100&l~i_SS MIACTION Ok’ EACN CUT IWIAININ(::
9. 6K-W 9.5E-01  9.llE-01 * . u-tit

s

NA.SS NWAINIM =
9. iul-t$ I

I:2Z7E+W.  NAss  I)lslwnsu) =
9.OE-01 9.W:-UI 9.oK-t.il 9.UK-($1 9.m-c)l 9,0K-01 9.uE-el

2.40NH+07, MASS KVAPUOATKU  = 1.2XJE+U7, sun =
FHACTION  (lMSEl)  ON tlASSt  UENAIMINC  IN T O E  t?LICK= *.7H-01. AllkX=  1.7U+05 M**2.

1.:m4E+09

wctrr WMACFIOM ufiwn  iN 011.  =
“llllCKNFSS=  U.2E-01 (xl.  NuI.K Wr=29U.2

6.7E-01. vlscosmy =
NA.SS/AUUA= 7.XE+O.{  tXts/li*ll, srcl~. o.~E-01,

1.7K+L)4  ckmisrom+o OISPKNSION  “rFJIM = 2.6E-03  UEIM’r FNALTION/UR
‘r(rl’AL  ViN.UllE=  0.9E*03 Blil., OISPENSION= t.q~+ol  cNS/N*N/HN,  EVAP NATE= 1.9K+OI  CNS/H*N/HB

TIMU  =  S . i t + @ @  IWJW. N A S S  kllAL-rlON  W KACII (:UT IWXIAINIM:l
4.:IN-U* 4.:IK-01 M. tE-@l * . 4E-01

&
4b.7K-&i 9.OE-01 9.IU:-01 ~}.alt-t)l 9.OK-01 9.OK-81

HA*S NFXtAININC  =
9. oE-01 9. aE-ol

t.2b@tW09,  MASS  I)IS1’FJISEO  =
9. UK-O I 9. Ire-t)  I

2.1KY)E+U7, HANS EVAI”OOA’I%X)  = 1.35W+07,  sum =
EltAt:rlON cOASEU  O N  MASS) HEHAINIW I N  TIM SLl~:K=  9.7ti-ul. AMEA=  1.9E*05 II***.

1.304E+09

WEIUUT  b’OACrlON  UATNN I N  O I L  =
‘rNICKNKSS=  7.4E-01 CM. NO1.lt  Wr=2~9.5

6.9E-01. viscosllw  = 2.7k+tb4 cmrlsmwks,  olsmMsIoN  IWmn =
NASS/AllEA=  ~.7E+03 OISZM*H,  SIWh=  8.9E-01,  ‘l~ai- VfN-UHlt=  0.9E*4XI  80L,

2.3E-@3  tf~l(;lrr  FltACTloN~lUi
l)lSPENSION= 1.5U+OI CNS/tiWMiN.  EVAP liA’YU=  1.7E+@l GNS/ll*NdMl

‘rIlw = 6 .  IH+OO N O U N S .  PIASS FNA{X’ION  ok’  Mmll cur NFYtAININt::
t.tm-w a.m-oi 7.7F.-oI *.:lE-oi 9 .7K-t)l

7
9.7E-UI 9. UK-4)1 *.llK-01 9. Ult-ol 9.nK-ol 9. UE-01

MASS llFWIAl@lNC  =  I
9.OE-01 9.OE-01 9 .UK-O  I

.234M+M9. MASS  l)lSt”FJkiEl)  = :1.121K*07, HASS EVAPUOATKII = 1.U76K*tt7.  SUM =
FOA{X16N  ilL\SEO O N  MASS) llFY$AlhlW  IN ‘rNE S1-l~:k’  *.bE-01. AllHA= 2.0E*05 II**2,

1.304E*09

twmrr FIIACI.ION  wmw  I N  O I L  =
‘rlllCKN&3SS=  6.9E-ul  tiN, NOLE WI’=:{UO.7

7.oti-ol. vlst:ost’ry  = :1.5E+04  cwrrlsrum,
NAWq/AUti=  6.lEt4M WW/ti4?l, SP4X=  U.9K-01,

I)ISPKNSION  IFJIPI  =  2.2K-w.I UEI(XI’I FNACTION/UU
T O T A L  Vol.urw=  U.OF.+03  mm. l)lSPEllSttiN=  1.3K+OI  tXIS/?l*fl/MH. EVAP IIA’IW= 1.5E+01  CNS4*V11R

smv st’m OF 2.WUE-01  IS IiASEl)  ON (XII’ *

S’I’FI’ s I “2X m’ i .9(A)E-UI  I S  IIASF.1)  ON t:lll” 2
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TABLE 16 (Continued) Output From Oil-Weathering Calculations; prudhoe Bay Crude Oil, Time
Versus Calculated REsults at 32 F for Broken Ice Field Weathering.

WEI(;UT  I.WWTIL)N  WATFJl  IN oIL  ❑ 7.OE-01  . UIS4:(HITY  : 6. 7Hto4 cw.wrl  S-rokm, WI SI~FJts I O N  TpJtH .
RASWAIW6=  4.OE+W.{  tMS/HMl.  SVCll=  9.Wi-01.

*.6K-4H  hutuxrr FIIA4XItIN/IRI
“IVIAL VOLUIII.:= U.5E+O:I MIL. IJIS1’ERSION=  I.IE*O1 MS/M*M/RII. EVAP liAIK=  b.ilutt)t)  CHS/H&H/UII

SW1’ SIZE or l.WOK-dI IS BASEI)  O N  CUT ~

‘rln~ = 1.7ti+@l  I!OURS,  H A S S  FRA(XION w EAcll  CUT RIINAINING,
3.:IK-WI  I.IK-OJ  :1.5E-oi 7.7E-91 9.IE-01  9.4E-01

1?
9.W-01 9.5F.-ol

NASS UMAINIM  =
9.W-01 9. fi~-ol

1.1(J5E+W,  NASS D ISPENSED =  6.41f)E+07,  HASS EVAPOMTEI)  =
9.511-01 9. 5K-01 9.5E-91 9.SE–01

WRA{XIOM tUASEl)  O N  M A S S )  IWHAININC  IN TllE SLICK= 9.2E-01. AIIEA= :).UK+OG  HX*2.
4.5oeK+w7.  sun = 1.:M)4E*09

TUlt:KNFSS=  4.2E-01 CH.  NOI.K WI’=21O.6
UKtt:R’r  I W A C I ’ 1 O H  MATM IN OIL = 7.OE-01. Ulfwosrry  = 6.:m+t14 ck:lrrtwwkx.  R I S P I W S 1 O N  TFJW4  = S.7K-W:l  WKIWT FltALTION/1111
HASS/ARKA=  3.W*O:I UUWH*H. SPCR= 9.OE-01, TmAL  VOI.LHE= U.4U+WS  WM..  lJISl%JiSl~N= 1.41E+oI  tXWdWH/IIR. WA13 RATE= 5.9E+W  WS/HXM/RII

mu SI”ZE or 1.295E-01 IS NASED O N  C U T  2

lltlK = t.UK+Ol UOUlki,  IIASS  k’llALTION  OF EACR C U T  UKtlAININC:
4!.W-09 7.aE-e3 2.2E-*1 7. 5E-01 *.IK-01 9.4E-01 w . 5E-til

Iu
9.5F.-OI 9. w-o 1

HASS RKX4AlNiNG  =
4.5E-C)I

I .I!MW*WD, HASS UISPKRSF2)  =
9. m-al 9. m-ol 9. 5E-UI *.Ml-@l

6.74RK+07.  llASS KVAPt)RATEO =
F’iiACllO# (NASEII  ON HASS)  RKNAININC  I N  TIIE SI.ICK= ‘J.lK-01.  ARKA=  :1.:{N+05  Mx*2,

4.690E+U7.  SUFI  = 1.:I04U+09
lllltXNt24S=  4.IE-01 MI. NOLE wT=:III .:1

wmrr  H I A C I ’ 1 O N  wruti  Ifi 011.  = 7.4bE-tbl,  V I S C O S I T Y  = 6.6H+04  CKHTISrOKKS.
ItASS/AREA=  3.6E+0.i Cfls/ll*N. stwn.  q.@E-01.

I)ISPMW410N  ‘rFmm  =  2.7E-WL  uk:iwr  FllACrlON/lUl
TtYrAL  VOI.UHK= tJ.3EtO:l  llRL, DISPEJIS1ON=  9.UE+tNt  CMS/H*N/Uli, KVAI$ mw=  S.3E+O0 Gtls/H*N/m

TIMt = 1.9F.+01  HOUIIS.  M A S S  F I I A C T I O N  Ok’ KA(XI CUT llkXIAININC:
O.ofi+oo  4.uE-e3 2.9K-0, 7.41i-oi

t9
9.OK-01 9.4W-01 9.4M-ol 9.4F.-(I1 9. 4E-O I

HAtRJ  liKHAININC  =
9.4K-UI 9. 4E-01

1.IN4E*09,  HASS UISPPJISCD  =
9.4K-01 9. 4E-O I 9.4F.-OI

7.tMJlKt07,  M A S S  EVAPOHATMO  = 4.U72E*t)7.  S U N  =
F14AKTIoN (OAsw oN HA.9s)  RHIAININC IN ‘rm SLICK=  9. Iti-oI.  AREA= 3.4E+M H**2,

1.304E+**

UEIGRT  k’ltACrlON  WATER  IN O I L  =  7.4tE-01.  VISCW1’rY =
TIIICKNFSS=  :1.9E-01  CM. HOLF.  wr=312.o

6.<JH+04  t:lMt’llSrOKKS. OISPENS1ON “rFJIH  =
HASWAREA=  3.8E*03 (XtS/H*H.  SPtXi=  9.OK-01. TU1’AL VOIJWW:=  ti.:{K*03 BDL,

2.7N-0:1  WKICIIT  FllAtXl(lN/Wll
OtS?~!O#=  9.OEtO@  (XtS/M*H/UR. E V A P  llA’lW= 5.2K+0#  [;~/NX~UR

TIMN = 2.OK+Ol  UOURS, M A S S  tillAt:r]oN  OF KACU  CUr NF.t’lAININC:
0.01:+00 3.IK-03 2.6E-01 7.2ti.-ol V.uv.-t)k

2e
9.:lE-ol 9.4E-ol 9. 4F. -O i

tlASS lilM4AlNlNC  =
9.4K-ol *.4K-01 9. 4K-4J 1

I  179Kto9.
9.4$:-01 9. 4E-01

HASS l)lS1°KllSk4)  =
9. 4K-01

7.414K+U7. HASS KVAI”OIIATKU  = 5.04UK*07,  sum =
FRAt:llON  (UASEO ON MASS) IIIMIAININI;  IN ‘IUN SI.II:K=  9.OK-01,  AIIVJ\= :t.4K+05  M**t.

1.:I04K+09

UEICIIT  kllACllON  UAV%JI IN 011.  =
TlllCKNFXS=  :1.RE-t)I  CM. NUI.K Wl=:\12.7

7.OE-WI , vlst:osim . 7.~M+04 {:Krnrt~-rOKNS,  l)lsPNl~~J,)N  TFJ,” . q.7E-wI  w~ld;lrl FllAcTloN/Rll
NAsS/AREA=  3.4E+LxI  (;&/H*n. sl*CR= 9.oE-01, “rwrAL  Vol.lmti=  u.  3K+03 ml. , IJlsl’lulsl(m=  9.4E*eo Otlsztlwwlltl, KVAP RAIK=  4.9K*O0 CmS/ltxH/RR

,,~~: , 2.21:*OI  Ilwlllls, MASS  IIIA(:I’16)N  111 F..l~:il  4:IJI’  NF.MAININc;i
e Wt’ + 00 I ,’IF.-O:I 3 Il. 01 4, *II: WI 41. ’11:-01

g)
9 ‘IF. 01 *) .4F.- 4)1 V.4F.-O1

tl.lSS  111’14AININI; -
v.4K-111 9.4F-01 9.4E-,)1 9.41;-01 9.4E-08

1  14$’#E*Ov.  N4sJ  I)lsl’lllsl’1)
9.4K-01

l\.611Nlb’+117. HAS+ Y. VAI-INIA”I”EU  =
. .

5,:11M$1*W7..  SIJM ,
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WV1 pl:ilfl141 lic I I p t.1:I,I:I4 wv. j:yfll'iijj p P.1111 I 1041:+0.i
4)EW4On 9:li:-oP .i- II.:-o 1.:-oI ,r.ti:-oI oi:-o' E-ot :il:-oI rE-oI ,i:-ot .IE-UI )1:-OI ni-oi ,I.;-oI.1.1 Wi: oi:+i itonu-e W'lP. 1.IIIdI.Io14 01. 1:vf:II ;nj. ui:wv 1141 14q :
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TABLE 16 (Contined) Output From Oil-Weathering Calc~lations;  Prudhoe
Versus Calculated Results at 32 F for Broken Ice

Bay Crude Oil, Time
Field Weathering.

HASSZAIUM=  :1.:tK+@:t CtW/ttwi,  SP(X{= 9.011-4)!. T41’IAL bw.unti=  U . 2F.+tM\ ml. , lllSFNJISION=  9.ok+oo GNS/tt$M/1111. KVAI” h~m= 4.:lE*04t cNs/n*~~

‘rim = 2.4v+01 mms, mAss FiIAt71’10N OF EAcll  cur llF31AiNlNt;:
* . @K+ttM S.OE-04 1 .7E-01 6. oE-el u . 7E-01 * . ~~-~  , O.:tfi-til

24
9.31.:-o1 9.:lF.-ttl

NASS IINHAININC  =
9.:lK-01 9.2E-ttl

1.lfAtN+09. M A S S  lblS1’KllSEO  = ti.74:lK+tt7,  tlASS KVAPtNIATltN =
9.3E-04 9. m-ol 9. 3E-(11

5.0UUK+U7,  sun =
FuM:UION  (lL\SEl)  ON HASSi  llk2tAlNl~  IN TUE  IM.ICK=  U.vk-oi.

I .:I04K+4VJ
ANMA=  2.71!+05 N**:.

UElt2rr tUiA~lON  UATKll lN OIL =  7.tbE-t)l,
Tllll:KNtSS=  :1.5E-01 C!t.  HOLE  wr=:li5.2

Vlstxtsl’rv  =  o.7E+04 currlsrwvs. I)IsPmsIoN Tuttt =
flAStb’AllE.4=  n.lE*W.J OiS/H*tl.  SPClt= 9.ttiJ-t)l. T~AL  VtM.UrIK= 11.IK+o:L  UIII.,

2.ltE-Lt:l UKICIII E“NAC710N-’Uli
OISPFJISION=  U.i,ti+tjtt OIS/tI*H/lllt,  ltVAP NATE= 3.9E+O0 CHS/ti*tI/UM

‘rInfi = 2.m+el uotms,  mAss FItALTiON  oF w2i c u r  NKHAtNINC:
O.ofi+oo :t.1}:-e4 I . SK-*I 6. 4E-el a.?tl-ul 9.~~_&, 9.:IK-01

2s
9.:IK-00

NASS NHtAININC  =
9.:IK-01 9.:11:-01 9.:lH-01

1.155E+09,  MASS Dlt?PE3SED  =  9.tt74E+07, HASS ttVAIWNAIKt)  =
$) . :W:-(t  I 9.:m-et

5.l134t+@7,  sun =
9.:tE-et

FNAIXltlH  (ti4SKll  ON M A S S )  nENAININC  IN TME SLICK=  U.9E-01, ANKA=  :1.UK+05  II**:?.
1.:lt)4ti+ti9

UElf:lrr F H A C T I O N  WATEN  IN OIL = 7.OE-01, VIS(XtS1’rY  ❑

TIIICKNF-SS=  :1.4E-01  4X!, HULK Wr=:t15.U

NASS/ANEA=  :1.0E+02 UISZM*M. SPCR= 9.OE-01,
9.1h+04 ct:trrlsmwm4,  otsPk21sIoN TFJtH . 2.UE-M tmcirr FHAC710N/UIt

TW7AL VOI.U?IE=  U.llL+tXl  tlffl., l)lr.WFJtSION=  (t.4E+4Mt  WtS/tt*M/Iifi.  EVAP RATE= 3.7EttJt)  (XISZN*N/’lUl

IIHK =  2.6t+Ol  UOUIIS.  HASS tVIACTILtN  OF KACII C U T  NEtlAINlffl;$
u . Wc+tttl I . *E-e4 1. 4K-*1 b . 2K-itl a.tlw-ot

26
$. IE-01 9.2E-1)1 9.:lE-ttl 9.:IR-01 9.:lt-t)l

MASS NEHAININC  =
9.:kK-t)l 9.3K-el

1.16tlE+4t9, tiASS IJISPEIISEO  =
9. m-o  1 9.3E-01

9.403K+07. HASS EVA1’011AT&3t  = S.*74K+U7, s u n  =
HIA(X1ON {fL4SEII  UN NASSJ IIMAIN(NC IN TNIi  SI.ICK= U.UK-Oi .  ANFA= :{.9k:+t15  Nx#um

i .:1414K+twJ
‘rlllCKNESS=  :1.:lE-t)l  M, HOI.F.  Wr=:li{,.:1

tmltxrr  tmAertoft  tmrmt  III ttIL =  7.4w-til, vlscosiw = 9.5K+t14 cKmisToKF.q, IIISPERSION  Tmn =  *.ti~-tKt twturr  FilALWittN/IIIt
NASS/AltEA=  3.OK+O.i  CHS/H*H. SI%M= 9.oE-ttl. ‘rWrAL  VOI.UHK= U,OE+t$:l  UUL. OISPFIISION= U.2E+(M  (XLS/H*tb’UN. EVAP tiATK= 3.iiM+tMt  (XtS/tI*H/Un

TINE = 2.7K+f)l  llOUNS,  M A S S  FNACTlttNiltt;k~jX\  CUT NFYtAININt;$
@ . W+ua I . I ~-e+ , . ~~e~ , 6.lE-et

27
9.IE-01 9.2E-01

1 .  14fiEtt19,  ftASS Otsiwskw  =
*.2E-t)l 9. mt-tt  I 9.2K-(tl

NASS NEMAINING  =
9. ~~-o  I 9.2K-01 9.X-UI 9. ~~-~,

9.7:{lh+t17,  MASS IWAPUIIAIM = 6.tlttK+@7,  MM =
PIIACTION  (MSM Oft  HASS)  NFYtAINIW  IN TIIK  SLII:K= tl.UK-t)l.  ANFA= 3.9K+05 M***,

1.:lt34E+tt9

tmmrr  kwAcrloN  um2t IN UIL = 7.4tE-oi.  vlst:usi’ry  =
TIIICKNtk$S=  X.2E-ttl  CM. HOI.W  Wr=:\16.+

9.9K+Lt4  cEtrrta-roKFs, I)ismm+IoN  “rmfi  =  z.tm-w.i  wlurr FnAL”rtoHzutI
NASS/A1lEA=  2.9E*w.I  MIS/H*tI, SIWII=  9.oE-01, wrd. vtM.uHE=  u .  tm+oa w.. IJISPENS1ON=  U.W+W OIS/H*N/HH.  EVAP HAlli=  :1.:lll+ttd  t;HS/flXiI/HII
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TABLE 16 (Continued) Output From Oil-Weathering calc~latians; prudhoe Bay Crude oil, Time
Versus Calculated Results at 32 F for Broken Ice Field Weathering.

SIWI’ SIZE or 4.045K-01  Is UASEU O N  cur :1

K-t)l
31

9. IE-4)1 9. IIC-411 9. IK-01 9. lE-01

s-lW’ SI’ZE OF 3.96*E-01  I s  BASEU on  GuT :1

‘rltit = 3.4K+OI  Noms, H A S S  FnAt2T10N OF Emu ctrr IWYIAININC,
o.oE+OO  4.5E-06 5.tW:-V2  5.IE-01  ti.2E-tiI u.()~-~,

~~
9. Ilt-ol 9. lE-UI *.IK-01

NaSS UtYIAlhINd  =
9.lE-@l 9. lE-et

1.12UE+09,  MASS iJISPFJtSEU  = l.i~~~+~li.  ltASS EVMWIIATH)  =
9.IK-01 9.111-01 9.iE-@l

6.JJ17K+u7.  SUfI =
FUAiXIUN  {BASH) ON HA&S) HENAININC  IN TME SLICK=  U.6K-01. AUM=  4.:1K+05  M*z2, TUICKNFSS=

1 .:W)4E+U9

Ulllclll PwAcrloN  UATEM I N  0 1 1 .  =
2.9U-01  (!#l, HULK UT=:I19.7

7.tm-ol, viscosim  =
HASSZAUEA= 2.6E+W2  iXtS/M$M. SI’CU= 9.dE-01.

t.:m+os  cmr!mwk29,  utsrltnstoN  INJIH  =
TW’Al.  VOI.UHK, 7.UE*4KI  IUil..

2.7E-w.I  uk:ltxrr  FIIAtXIUNZUh
I)IS1’MUSIUN=  ?.l&:ttio  Grts/H*H/1111,  KVAI’ HmE=  2.5E*W cNs/H*~HR

STEP S1.zti  OF :i.ouItxtI  Is UASW  ON cur 3

c71Hti  =  :t.sF.+e*  mm, m.ws  FIIALTiOIt  w EA421 cur UttHAiNiNC:
@ , et+tw 2.:IK-@6 5.4)K-w2 3.oE-Ot u. IN-*1 u.9E-ol

:)2
*.UE-01 9. tik-ol 4. IK-01 9. IK-01 9. IE-01

MASS ltF&AINl?N:  = t.iIGE+ev,  HASS llISIWJISkX)  =
9. Ill-@l 9.IE-01 9. IE-01

1.197F+OU,  tiASS HVAPUUA’IWI)  = 6.9WK+07.  SUN =
FHAtXIUN (UASEU  O N  NASS)  IIENAINIHU I N  ‘IIIE ?W.ICK= U.5K-01. AltEA= 4..bK+O6  M***, ‘IWICKNFSS=  2.

1.:M)4E+09

UE1ONT FttAC1’tON WA3WX I N  011.  =  7.t#E-ul.  VISi:OS1’~Y  =
tm-oI  CM. mm wr.:cm.l

HASSZ”AIIEA= 2.61tt(Xi  CH.S/H4H,  SIWII=  q.uE-01.
I.:w+wi  cmrls-rwks.  ulsPF2k*luN  mtm =

‘IWI’AL Vul.urw=  7.W+02 IuM..
2. 7*:-W.{  W lt;irr FUACT1 ON/lIll

OISWUSION=  6.9E+4W CNS/H*lt/HM, liVAP liArlL= 2.4E*tNl CtkS/N*N/HII

smr siu or 3.UUU*:-01  I s  llASKb ON cirr :1
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TABLE 16 (Continued) Output From Oil-Weathering Calc~lations; Prudhoe Bay Crude Oil: Time
Versus Calculated Results at 32 F for Broken Ice Field Weathering.

TIM: = :1.4u:*4#l  UOUUS, NAss  Flllvn’lm VI HACU  cur l10L\lNlf4c:
O.ui.+wo :1.2!1;.-07 :1. i*:-4KJ 4.3E-4)1 7.9K-ui u.uE-ol U.VK-UI 36

V.44K-4LI 9.UK-441
HASS  IIEHAINIK  =

4).OK.-4LI
I. IOIK+OV,  141ws OISVF.IISH)  =

9. 4LK-01 9.4?E-@l 9.W-441
I  .2vilKtoli, NASS I.:VAIWIIAIWU =

9. 4bE-ol7.3~,7&’+,,7,  ~u”  :
FUM;I”ION  IllASEl) ON NASA} UKNAldlNC  I N  ‘lllE dl.lCK. U.4K-Oi. AIIHA= 4.5E+4M  FI*Z2.  TUIUKNKSS=  2.7E-01 CH, ~L~ Wr.:{~1,4  ‘

1.mt4Et44v

wwu:wr  Ft4At:rIor4  tmwu  I N  OIL =  7,w-01, VISCUSI’IY  .
HASSz.\U4iA= 2.+E+4KI  4MW14*44,  Srcll= 9,W-4)1.

I  .5ti+445 c~iwlsrt~~.s, ulsrKNslu44  TvJIH  ❑ 2.7H-W.i  UKI(;44T FUALT14)N/Ull
Twr,jl. VOI.UHK: 7 .  7K+M UUL. UISI’MUSION=  6.SK*4441 ok4/f4$r4/u(t,  EVAP t4xrE= 2.IE*W Gw>nzwtm

Srt!w  S1’i!ti 04’ 3.614E-4)1  I s  UASEO o n  U.lT  3

‘l’lHI: = :1.9t:+*l U4JUUS, Miss 41tAm10t4  w EM:u  c u r  IIFY4AININ(;:
0.01:+00 $. 7N-4)7 2.7H-02  4.:IE-4JI 7,UF:-MI  U.7K-WI ~~.t,~.+), U.9K-4)1

:17
U.vti-ol

MASS IIKMAINIW =
u.vK-ot 4).9K-441  U.9K-4)1

1.097K*44Y,  f!As8  UiSF~tsEIl  = “  l.:l:lOK+UU,  MASS  KVA4’UMTF.U -  7.:{67H.w7,  SUM =
44.9E-WI u. 4E-4J I

&WM:l’ltN4  (BASKII  U N  t4ASS) 44F24AI141NG  I14,174E t4t.lCK=  U.4E-01, Allfi,l=  4.6HM)5  tl**2. ‘rUlt:KNFSS=  2.
I .304E+U9

ui:iiwr  twm.toti  wurrx I N  441L  =  7.oE-01.  viscust’rv  =
7K-441  4:r4, H4U,K wr=:v~t.o

I  .6E*4)5 mxrrj.srwtts, IIISI’KUS14JN  IWJIH = 2.41,E-4x1  14NIC;NT  rltAc~!oN/HH
?4AsSI.%UEA= 2..4}:+4):1 CHWIWI. s~fi=  9.44E-01.  ‘4’OTAL  Vul.um= 7.7K+4K1  tUU., UISVFJVS144N= 41.3K+4L0 4X!S/MWII/lUI, EVAI’ ItATE= 2.OE+OO  CNS/f4*II/IU4

L-
*-4IX sl”z4t  4)4’ :\.5s7E-ol  I s  ItAsEo  O N  c4rr a

L .~,nt. . 4.@ti*4?l  uouus, HASS mACrloN OF E A C H  c u r  uFYtAlNlN4;:
w.wt:t4Ml  u.5F.-wt  2.:{E-442 4.2E-01 7.41E-4tl U.7E-01

344

NASS lii:f4AlNIW  =
U.w-ot U.9M-01 U.9K-4)1 U.9F-01 4L.*K-L41

1.0WIK+4JV.  tlASS 4)lSP4XSEll  = 1.:t4DiE+UU,  ?4ASS EVAI”UUATKU =
tl.9K-*1  0.9E-01  4i.9E-al

7.4W2K+4B7,  Sun  :
FHA4X14N4 414ASKN ON ltAf4S) NKNAINING  I N  IWE #l II:K=  U.4U-411.  AllK,\= 4.6E+05 H**U.

1.:I04H*09

UE44XI’I’ FUAW14)N  UArKt4 I N  4}11. =  7.4)K-01,  VlS4:4)Sl”rV  =
‘4’UICKNFSS= 2.6U-UI  CM, HuI.K Wr=X!2.2

NASS/A14EA= 2.4K+03 4X4s/f4*14,  spun.  9.44~-t41,
I .7Kt445  4:mrtsro4(k:+.  WISIDMSION  -rKHH .

mm!.  V4MW= 7.bE+M m..
2.6E-03 wEi4;mr  mwrIoNmI

01St%31S14)N=  6.M+4)44 tmS/14*H/UU, &WAIJ UA’rll= 1.9E*440  4MS/44*wm

Snt.r Sllw 04’ :1.544:W-01  1 s  UASW) ON cur :1 -

“1’IMK = 4 .  11:+01 0 0 0 1 1 S ,  NASS PUA4.T14)N 4W 4X4X1 CUT IIM4AININC:
0.4)K+U4J  4.4K-OU 2.4W-W 4. IK-4LI 7.71?-oi 41.7K-4)1

:t9
41.9K-4JI  u.~E-4tl U.W-4JI

44ASS IW4A1MINC  =
44.9K-4LI  U.9E-4)1

t .4)UW+4W. ?4ASS OISIDENSW  =
U.W-UI 41.9K-4tl ~.,)~-~,

1.:IWN+4W,  t4ASS EVAI-41UAIEU  = 7.5XW*417.  sun  ❑

41M4W141M  [IIAS4X) O N  HASSJ 14M4A1N1HC I N  ‘INN  S4 lt:K=  4t.4E-4)t,  Alibi=  4.7E+05 N**o. ‘rU14:KN42+S=
1.:IU4E+449

NEli:lrr  FUAL-I’ION WAT424  4N 011.  =  7.OK-01.  VISt:tiS1’1’Y  =
2.6E-01 4X4. NUI.E Wr=:i22.6

NASS.’AI4EA=
i.7Kt4t5  4:E4rri.wroK4fs,  01s1vms14)r4  TmN =

Z.:mtw.i tms/M*r4.  SI’4;II= 9.41E-4tl, ‘r4rrAL  v4u.uHlt=  7.f,E+oa  4tuL.
2.6E-4KI twit;lrr  FItALWlON/itli

I)ISPKUSIOM=  6.1K+4J0  4X&S/N*H/’IlII. k3JAP l{A’rK= t.tiE*OO CtNS/H*N/44t4

srw SIZK or :1.451K-4)1  IS UAStiO  ON 4:U’I’ 3

“UINE = .4,2t:+04 NOUNS. H,iSS  F11ACI14)N UF KA4:II  4WT llKNAININi;:
9.UK+4N) X.:lu-ou  1.7K-4K! :t.vE-04  7.6K-4it

44)
U.6K-Oi

MASS UkYIAINING  =
U.UK-01 0.9K-01 U.vc-ol~,64~&U~&u:  .~E-oI 44.9K-01 ,’.9~-4)l  u.t)~+),

I .eum+uv, tlASS  UISI’FJISEU  = 1.421K*OU, H&SS 4YJAI’41NATK0  =
kllAt:rlON  ~t4AsEi~ ON HAS*) NFY4AIN1NC  IN ‘rll~ tJ1.l~:K=  O.:W:-Ot  .  AUKA=  4.71i+03 M***,  ‘rN14:K”N&=  2.sE-01 M. NOI.E WI’=:VXJ.*

I .:M14K+09

UK14W’I’ F14A4Xi  O N  UA’4KJI  I N 011.  = 7.4tE-ul . vlst:4)si”ry  =
HASS~AllKA=

I  .UFM5 t:hfrrls-roKtx,  I)1stwus14m TMIH ,
2.3F:+W.I  4ms/r4*rl.

2. 6E-tKl Wtilf;lll’  Ft4A4:rltlN/lUl
SI’4;U= 9.0t?-01 ,  ‘ltJ’rAl. VWI.UNF:=  7.6E+44:I  44L4L,  141SUEUS10N=  4.bEt4m  4WWN*W1444,  EVA4’ 44A’rW=  l.tlK*W  4X4WNXMZ44B
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TABLE 16 (Continued) Output From Oil-Wea~hering  Calc~lations;  Prudhoe B:y Crude Oil: Time
Versus Calculated Results at 32 F for Broken Ice Field Weathering.

‘rim = 4.4t:+4tl  UOIINS.  IIASS Fllht:rlON  01”  K,\t:U l:U’r lii.XIAINtN(::
O.m.toi) 4D. lti-44Q) 1 .:IK-W2 :1.7F.-ol 7.:DF.-U1 U.6K-WI It. ti~.-ut 1).ul’-t)l U.UH-01

4 2
f4ASS  IIKHAININC  =

U.{w-tll
I .4t7uE+o*,  HAS*  Nlsl’l:llstm =

U.ui:-ot U.UE-01 O.OE-01 a.uE-oI
1.471U:+O0.  NASS EVA4’WIIA’INI}  = 7.04t7K+u7,  Mm =

FNAiH’10N  {U,WE4J ON HASS)  UFJ4Al~lNU  I N  ‘lttK  St.lt:l’.=  u.:IK-01. AIltM=  4.UK+OG  H*.,fiJ.  ‘rtllt:KNt:S:;=  ~.sE-01 (:H. HIJI,F.  wr,:r<,~,’,
I .:I04H+09

tdKtClt’1  FllAC1’144M  WATFA1 lN 011.  =  7.44K-uI.  VISi:l}S1’lY : 2.UE+UG  t:kxrrlh-ro~~-+, IIISI’JHISION Ttilift =
HASS/AUliA=  2.2E+4XI  CMS/R~N, SI’CN= 9.4tii-01.

2.6K-OU  wMlcttT  t’lLiL”rloN/llti
TW1’Al. VOIJNNt= 7 .  fiK+txl  UUI. . lllS1’k.liSION=  6.7K*4144  C&4/tWH/U14, EVAF UA’JW= 1.7E@u  4M&H*N/HR

,rtpj~ , .4.$K+441 tU)UtlS.  M A S S  FUA4X14)H  OF FIM:ll CUT NkYIAININ{;,
b Ot:tut}  4J .  UJ:+4M4 I . IN-W :J.m-ot  7.4K-tti U.6E-01 il UK-UI u . UK-O’I U.UK-01

43

?tASS  UtVtAINiNU =
U.OK-UI

1.4)74E+44~,  NASS 141S1’FJtSKU  =
U.OIL-441

1.54tf~E*tNl.  MASS  EVAt”tMtA’rKt)  =
U.UH-4)1  U.44E-01  44.uK-4ti

7.u417b:+07.  sun =
FllAiXtON  IUASEO  4tN NASS)  UF31AlNlH  IN TIIE ?N.tt:k’=  U.2K-UI. All#’,\= .4.vI;,uG H**z. ‘llltC4’Nrss=  .>

1 .:I04N+OV

utilcwr  b’UACrtON  UA’IWN  I N  OIL = 7.t$E-4Jl, Vlst:lwi”m  =
-.-tK-tit  (xl, rtot.fi  WI’=:12:1.9

IIASS.AtlFA=
2 OF.+O!i  4:F.H’IIs”JXIVI.S, l)lS1’KliSiUN “rF.tU’t  =

2.xE+tXl  (;t&*/Ht4t,  Swll= 9.*E-01, ‘rtmt.  voI.IIrJr:= 7 .  5K+44:)  m . .
2.6K-0:1  44Kl(;ttT WllAtXtON/UO

14tSt’tXSION=  fi,h~tt)u  UHWH.WMNI, KVAl~ tM1’K~  1.6E+S4J  ~I&f4*H/liR

TIME = 4.6H+441  ttOIJllS, M A S S  F U A C T I O N  4tF EMXl  tX1’r IIEN141NIN(::
0.4)1:+440 0.41M+44U v . 4F.–W.I 3.4E-*1 7.4ti-t)l U.ml-t)l 0.7E-441 U.uti-ol U.IIH-01

4 4

HASS IIFMAINIHC  =
u.lt~-ul u.uK-111

1.071K*44V.  HASS Itlslwmmlt  =
U.ul:-ot u.4ttl-441  u.4tE-441

1. W.k4F.+41U  , 44ASS EVAM)UATF3)  = 7.964K+07 sllrl =
NIIA!:I’ION  (tL\SKI) ON NASS)  IIMAIMIJW  I N  TNE  S1.tCK= U.2K-t41.

: .:\04K+09
AIIKA= 4.91fl+uS  tl*x2. ‘rUICKN&=

tw  tt:wr  t.mc-rt oN hmtm  t N  0 1  I . = 7.oE-MI, vlst:ost’ry  =
2.4E-411 4:H. nul.h W4’=:K!4.2

2.lti+OG (:KNrls-rONF-4.  NIS1’bXIStON  “rFJU’t =
HA+s/AII~=  2.2&tv.l  L&/N*H, smtt=  9.@E-(Jl,  TWrAL  V441JJHE=  7.5Etwl Bn;.,

‘> SK-O:{ UK I Ml’ tltAtX  10N/UU
ttISt%JISltMt=  5.fi}:+tNJ  tX&/ii.;H/Ut4,  EVAt’ 44AI’E= 1.6K+S4J CHS/lt*N/tlh

‘IINK =  4.7H+441  114MIUS, t4ASS  FIIAW1OI4  OF FLWU  WI’ UF.MAtNINt;:
e.ut+mb 44.oti+04t  U.ok:-w.i  :1.:lu-at 7.:IE-441 44.3E-UI u.7K-ul  U.7H-UI

4 5

HASS UFYiAINl~  =
U.lm-ol  U.UK-01

1.4tb7K+u”).  MASS ttlS1’bXiSED =
u.utc-ot  il.uti-ol  U.UK-4J1 U.UE-441

1.fi61K+44U.  HA*S  EVA1’OUATKO = u.4t41K+t?7.  sun =
FUA{XtUN (UASEW 44N HASS)  UKHAININC  I N  TUE  J3i.lCK= 0.2K-01.  AUK,!= 5.44K+05  M**2. “rOICKNFSS=

I .:I04E+OV

MEICU’I  FJiACrlON  thllXtl I N  011.  = 7.4W-U1, vlscostw =
2.4K-441 C N .  HULK wr=:u4.b

NASSZAUEA=
2.24’:+445  c~trrlsriwws, ulsrFXstoN  ‘J’FJIII  =

2.tE+O.l  t;HS/M*H, St$Gll= ~J.tlE-01, TOTAt.  V4UJW4K=  7.4K+4KI  MU..
2.5ti-u:l WHIClrl t’t4ACT10N/lUl

141SPFJISION= G.4KMM) UtS/lts14/UU. WAI$  ttA’W= I.SK*Ott OtS/PWVHR

‘rtHH = 4.44K*OI UUUUS, H A S S  &ll.%LWriON  04” KAtXt CUr UtWtAININi;:
O.wctuo 44. Uti+wu 4D.UK-W.I  :t.:E-ol 7.:$K-UI u. 3E-441

441
u.7E-@l U.7K-4)1 U.?E-01

H A S S  44FX4AINIM  ❑ : .U64E+U4,
u.7ti-t)l  4J.7E-(41  4J.7R-01 U.7E-01

MASS I)ISI’FJISIU)  =
tt.7E-81

1.3041E*OU.  MASS KVAtWUA’rkW  = 44.I15K+07,  SUM =
F’44ACJ’IOH  (UASEO  O N  HASS)  14KHAIN1N4; IN ‘rll~ St.14:K=  U.X-01.  AllKc\= 5.0K+05 ?t**2.

1 .:1444E+4t9

UEtCHT  FUAC4’IOH MwrFJt IN ttll. = 7.44L-UI,
lUtCK14tss=  2.:m-44i  CM. n4tI.F.  wr=:r24.9

vtsi:ostlY  =
t4ASS/AUKA=

2.:iu+44s  cENTl*”roKkL+.  OISPKUSION  mm =
2.lEtwJ  ctt&M*rl. Sl”cll=  9 . 0 1 : - 0 1 , TW4’AI. vol.urlK=  7.4E+U:I 4UJI,,

S.SE-W.\  UKICNT  lllALT14JN~tUl
ltlSrF4KJ10N=  S.:IE+4J0  CNS/H*N/UU, EVAP UATK= 1.5EiUU i;NS/tIxN/UfJ

ltrt~ = 4.*K*441  Uouus, HA*S  FllAtXtON 4M’ EA1:II  l:Ur I11:14AININC:
U.UK+044 44. NK+4M4 3.OK-W! :1. IK.-441 7.21i-ul u 4F.-O I

4 7
U.7N-441 0.7E-UI u.7E-4tl 0.7F.-U1

MASS 11tit4AlNtffl:  = I .tmouxttiv. Fmss Wlsl”tmsltl)  =
0.7K-UI u.7E-441 U.7K-441  N.7E-ol

1.h13ti*OU. ltASS i.:VAIOtMIA’rt!l)  = u.lu*K*t17.  Sutt  =
FUAtY1’lUN tUASEt)  O N  HAS*)  UKNAININ4:  I N  ‘INK St.tCk= U. IK-01. AIIKA= 5.lti*445 ft**2.  ‘rUICKNrXs=

I .:to4Kto*

UEtCUT  F’UAC4’ION 44AT4W  tN 41tl.  = 7:4.IE-UI .
2.:IK-MI  4:rI. 1401.K wr=:cxi.2

vlst:usl’rY = 2.4F.+05  cv,irrlsr4tKFs, l)1stwts14)N  ‘mm =
HASS/At4EA= 2.4E+O:I 4;tLS/144H,  St’tX= 9.0E-01, ‘rtJrAt.  VU1.UHlt=  7.4ti+03 B4U,,

2. 5ti-0:4 WN14;III”  FHAM’lo N/Utl
I)tsrFJlslttN=  G.2E+044  tXls/rlwl/ull. EVAI” Iik’lE=  t.4K*tMl  4;HS/M*M/lIn

I,flt . 5.44Ett)l  04NJ41S, MASS F14At:4’l(tN ~lF EAt:ll  t:lJ’1” UKHAININC:
U.ut:+oo 44.0K+U44 4.VJ.-4K) :1.4)K-444 7.IK-01

44i
O.+H-U1 o.4DE-t)l N.7K-ol u.7E-ol 0.7K-U4

nASt4 u4’J4AININC  =
o.7E-ol U.7N-01 U.7K-UI 41.7E-441

I .e57v.+44v. HASS t!lSl”}.llSEl)  = 1.b42K*@i.  tlASS tiVAt”ONA’rHt) = U.201K*07, sun .
FNA4X141N 411,\SEl~  U N  tliSSI 14EHAlNlNI;  tN ‘1’UK  sl.l~:}.=  J1. iK-Ul .  AOKA= 5.IK+u5 N*K2. “I”U14:KNKSS=

I .:4444r.*4Yb

WE14X4’I  Flt,A4~lt4tN  WATKII  I N  O i l .  = 7.04’--ul . Vlst:uslm’  =
2.:IM-441  4:H. Hol.K WI’’-:C4.4

t4ASS/AtkUz
U.4ti+VS 4:tX4’l”lS”lUKtX, l)lSi’FJ4StON  “rFJIH  =

z.i~+w,i  C~/H+M.  SI?4:N=  ‘).1)1;-4)1. ‘IXWAI. VO1.lJHk:=  7 .  4K+4K1 UUI, .
2. 5K-41:1  Util(xll FUA4:I141NZIIU

IJISI’FXSION=  6.IM+uI  txts/H*rt.tul. KVAI’ utrl:=  I.+KHJU ms/rJ*~Hl~
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TABLE 16 (Continued) Output From Oil-Weathering Calc~lations;  Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 32 F for Broken Ice Field Weathering.

TINE =  6.2H+OI IIOIJIIS. rmss mAmlori w mcu c u r  itKtIAiftINt;:
0. eE+4m U.UE+(M)  7.:Ht-@4  2.OE-01 6.5E-01 U. IE-01 U.4H-01 41.4K-01 U.3K-01

50

NASL4  HHIAININC  =
U.m-ol 0. SE-O  I

1.0X!E+4V}, ltASS I)ISI’FJISKIJ  =
U.5E-01  U.5E-01  tl.5E-ot,.,)~aE+OI\, HASS IWAIWIIAIW) =

FiiAC~lOIl  tnASUh  on t!ASSl  lIMHAINIHC  IN 131E S1.li:K=  7.UK-01. ANIJX=  S.0K*05 HZ*U.
U.97*K+U7. SIJH = 1 .:I04K+09

Iilil(:lfl FW4Cr10N  UA’IWJ{  I N  0 1 1 .  =  7.OE-01. VISl:OSl”rY =
‘rlll@NPSS=  2.t)E-Ot  (Xl. NO1.K Wr=:r20.4

:i.7ti+05 cwrl.srov}ks,  oIsIv.msioH TFWI .
NASS/AllKA=  I.UE*OX t;NS/HWi,  SIWXI= 9.1$K-01.

2. 3E-LXI  tO:l Clll’  FliALT  10N/Ull *
TUrAL VOI.UHE=  7. IK+O:I  IUU., l)lS1’kXISION=  4.2H*4MI i;HS/fi*H/llH,  KVA1°  MATE= 1.IE+oN (XS/H*H/HN

s-rkw s I “m ou 3.000N-01 IS  UASELI O N  C U T  4

‘1’IHK =  7.2E+OI I1OUUS, M A S S  FIIACTION  OF FA(:II
W.ot+ou O.oii+w 8. t)E-@4 I .:IE-01 5. 9E-U i 7.41E-ol U.2K-441
HASS 111’YIAININC =

U.2H-UI u.:lti-ol U.:IE-01 O.:lti-tit O.:IK-M1 U.3E-01  6.:$K-01  ‘-9.,,~6K+@1),  HASS I)ISI$EUSKI)  =

2. IOIK+!IO.  HANS NVAl”OllA’11’W  = 9.3QI(*07. SUM =
FNA(:rlON  (lL\SEh ON HASS)  lW3tAtNtNG  Ill TOE  SI.lCK= 7.6K-01,

I .:IW4E+LW

t4i:lt4il’  FliACllON  WAUFJI  I N  0 1 1 .  =
AllN,\= 5.C)i:+@ H**2.

7.ME-01, VISCOSITY =
Tlllt:KNFsS= t.iiti-ol {:H.  rio1.E Wr=:Ki(t.7

5.2K+o!i CI.:NI’IS”IWKFS,  UISI”KIISIUH  ‘IFJIH =
HASS/,\llEA=  1.7EtW.t  4;HSZH*H.  S1”(X= 9.O@-01, TWAI.  VO1.UHli= 6.9E*OX INN..

2.IE-OU w~tt;tlr  FIIALIIONZIOI
IIISI’IXIS1ON=  :1.5H+(NI  tXtS/H*fl/lUl,  EVAI” UAIW= 8.4E-01  CNS/H*H/llR

mtr sI.zE OF 5.(M.MM-01  iS UASEIJ O N  C U T  4

TIHK =  U.XV+OI  UOUUS, HASS FWAtXION  OF EACU CU’r IIWIAININC:
0.01:+00 O.oit+eo I.:tN-Ws U.2E-@2  5.:IK-oi ?.m-ol

32
o.oE-ol i\.lK-oi O.IK-01

HAS+ IIKHAINIHG  =
U.IK-01 O.llt-t?l

‘).674E+@0. HASS IJISIWOSFXI  =
U.IE-01 a. IE-*1 8. lE-01

2.:167K*Oii. HASS EVAI*WIIATKI}  = 9.V79W.+07.  s u n  = I .:IU4K+44*
FNA4WION (tlASKll  ON NASSi  llFriAIMING I N  T U E  SI.IUK= 7.4K-OI; AMkX= 6.:{K+05  H**z,

. ..— .—

UI.:ICII’I  k’OACrlOM UA’I’FJ1 IN 011.  = 7.~E-ul.
TlllCKNF-i~=-  l“~?~-oi  CN,  Hfil.k: WT=:K12.7

Vlscosl’lw = 7.IE*M5 chxrrisroms. I)lsiwnsioN  .rmfl  =
NASSZAIIEA= I.SE*W.I  (XlS4t*N, SI”CII= 9.lli-01. Twr,w VO1.UHK=  6.  7*:+W.I tml.  ,

2.0E-04 WKICllr FHALTION/lUl
I)ISPFJISIIJN=  :1.OE+OO (MS/HXN/011,  EVAI” nA’rE= 6.OE-tii  CNS/H*H/IIn

iikTIAININ(;: m

TliK  tXJT  NUHIN:KIN(; UILINS

4

Till OIIIGINAI.  I:IW  NUfWiFJiS

Ft)ll TliI  SI I 4:K 4! ’1’ i Oi’ tl)~ liol)li~ A ME :
.s171:07 :1. il\lE-02
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.t.:iwll-oi 7.ombE-ol 7.GlrJK-ol 7.705t-oi 7.ilw!K-ul 7.litKHt-oi 7.00:IH-01



l9
ltt

6e
W

-I
rO

m
oi

R
Ji

iq
iii

O
o

no
i6

13
uF

FI
hB

rl
ib

eW
'io

fl
A

1O
sb

u'
i3

8
9o

db
u'

I
o

.b
FH

93
1

fl
S)

IO
"1

8
6

fl
Q

11
11

91
13

69
W

Ph(O
K

E
I4

i.;i.
liE

u)
PIIY

.IJW
U

1$C
1011

I
000E

4IE
lI4)fll!

,(I
t,4101

IE
Y

J.IiK
lIlM

C
IO

U
IIflflhJ

F
01.

.LW
C

ftL
C

IlV
U

V
r,IE

U
IXY

J.
I014

lO
ft

1,110
1)111W

O
V

A

A
O

*I
I4

.

of
t

i:4
00

.

O
O

*4
4U

O
O

f:4
-

00
4

-4"34. i. i.. s: 5

- =
4 I. r - - -.
.1 .1 .1

44r.r
- --...r r; :r

4 I .1 J I I 4 I

444 ;l -
- I. - 4 4 I -= - .4 4

'1,'.;',,
IU

E
+

ø
I

'ur,o,
13.I:.t
IU

K
+

O
t

I."..,'
u.)K

4O
l

(lot,
K

)I
I

lii
i

01
I '4

M
&

I(
III

I
4l

I
A

i 4,11
enw

l.nui.:U
J

I,
iii:

1ft11Ii
.1.1)

iii.;
I

I.IIV
I

n:i.
I

ii:,'
I1.4

4.1)1

1:11
V

II
V

1.I.I11
tV

.I.l
u:4,I.tA

114
I:I

:
III

I)I1
It

I'.I111
.

I
U

.1.111;
A

V
1lill

'
v.,.w

t,I.,II:i,I
ifl:i

1(114K

I e
ii,tii:

i.111:
I:IiIIoII

505
insoI.

rousi;
;.iIi

=
i:nhioii

q:nisi;
s;O

tflIt:I
'S

I.
Iols

t
sflE

X
I

5501.
IC

I
.1.11K

0
5)

I.
I

I
.1.111:

IC
I

isi:w
V

.I.
I

I
.1.

so
i

.t.iii.
.i.i:w

t,i:IIv.I.i
V

V
lS

I)
II

'111K
I.'fIIV

IU
..LI

M
=

4;II
I.1.1

5V
1

M
)I

D
III

1.4
=

s:I,
1.1.1

.V
I

hlIP
I

S
I,

11.1
C

V
I

.I.I;w
i.E

I
W

IF
C

flIY
II

gsi:leI
M

)F
=

t(flllW
E

tK
II

5:1:1

V
II

'$1.1
(:IIV

A
I.I.A

Lii
!ID

IIW
V

I'
IN

)IIIIIC

4:14'E
+

el

4:t
'P

E
4O

t
:i

39E
ø

I
:i

iH
'ø

I

4:tE
+

O
t

coIIIII:I'V
LI

flU
I UD

E
X

g------------
g z : - - - - - - - m - -. . . . . . . . . . . . . . . . . . . .

k-oNG
.F- 5

0
..&

faul
.  .

!

“...-..
. . . . . . . . ..+fi+~L.iG

50



IflfO
fC

t:W
i

tIV
1)

P
V

J.U
IU

M
t

lE
ft

I
U

lF
E

lH
fl1lI

I
I"oF

Il:v.IivFil
t 1ff

1.011
O

O
E

4O
i

,,yJjlI.iI
I

lit:
9V

lW
IO

U
01

F
ow

.1.1W
oI,I:ii

in:iyw

U
\IIII

I1I-1IT
W

V
*-LIIV

M
7.Ii(

C
O

E
.IC

IF
I4.t.

Ill
II4kIU

.
(01W

II
52O

4E
4ø

I

a
z2aI;4ot

103E
+

03

I
I

11403

23E
4O

I
I:ii+

oa
5

2a01+
4P

1
I:IF

.ol
4

P
flE

4O
I

I4K
4fE

I
IU

P
I4ffl1

I
'tIIO

I
IIIO

E
+

fE
I

I1\IIII
C

W
-W

II\
(IJU

)
(V

.I.U
)

fWI
*

)

O
lIi,-V

I
r

W
'$

-.LIIV
M

IE
lP

cnfli..
Il:IE

W
I.

ohI
cnW

E
U

I
S

?afl:1O
t

E
.00E

.O
:r

tU
V

C
L

N
IY

IJU
IIE

D
=

?I'E
V

I)

=
0

t*X
I..

rvn
IV

C
L

O
1I

M
.II

JA
W

E
V

I.
I

D
E

C
E

IC
J.O

W
W

E

H
T

4$
+

L
.4

i
t*

s
si

n'
.u

.4
aa

A
a

ce
.:4

u.
1.

io
ui

in
'r

no
i

:4
11

11
18

U
s1

L
4'

.ô
no

.I
.s

ui
C

+
4e

.
a

iT
ua

:ii
n'

aI
II

I$
IE

$0
04

4H
U

.I
O

V

ai
ii'

n
i

no
I(f
t

lO
ff

il
(1

a4
I

41
01

W

*4
$

lU
t4

II
U

.
14

H
A

H
O

0
O

t-
4.

iI
R

.V
W

4T
IM

A
IU

)I
J

JA
Il

IO
l

:4
:

io
.

i
a

ru
:

:lI
rr

I4
0*

II
:4

(1
w

):
)

1.
IW

I
41

*1
'

'*
0

Y
T

I0
II

V
iI

'I'
A

Ii
4$

I
*

T
1

o.
.

a
T

u:
b

:I
rt

oo
na

:4
(1

0*
):

)
'.i

uu
:4

*1
')'

40
Y

T
I.

IV
:I

IT
A

If
IN

fl
I

U
IJ

l4
t0

i
Iot
:4

ol
.1

H
IV

II
:4

T
A

H
oq

lV
:4

ui
'

jo
I4

In
u:

ai
y'

&
'

I
o:

)
iv

:4
(1

0*
uo

iw
eL

**
X

M
(

.a
u-

:4
o.

)
Y

40
U

u1
w

1'
o0

o,
:1

&
uu

n

ii
tI

4I
Io

f:
41

.
a

i
0u

liI
4I

I4
I

or
r:

iu
su

&
ni

JM
IO

I'r
)A

al
.

:lw
r

II
1)

in
(I

f
rl

:4
.

I
$0

11
4

iu
ri

'u
o

W
O

J_
1o

'4
:u

rl
H

i
fU

9
:4

11
1'

i'I
tu

oi

.PIPP
.uu.ir

W
Y

M
IO

W
.L

IJE
E

;O
JP

I
.

$3I')fl
I

:t.14w
400

I
I?utI4O

.
I

n.w
I:o

i
3

*ft3F
+

O
3

V
('thfl:.03.

u
:*9F

+
o3

Jill.
I

111.1.1
$I

W
'fE

(lllV
W

I
14

41141.
V

III;

4I+
ø

*
I

tiI.O
?

r3E
+

O
?

Pril;+
O

2
:I2U

F#02
&

O
E

4O
2

V
PW

+
O

l
'

I4IO
2

JM
1402

.IJ11
I1lI.I.IV

I-
C

IIV
W

N
ftIl

III
J.H

I.
I

t:l
III:

i
ew

'w
tw

,en
ti:

-ni
i.nj,,u

M
H

nw
t

ft--ft:o:t
tuii

:r
!E

ofl
C

t1'W
N

'IIII
E

1V
I.

tlV
LI:,

onI:.00
$1:tf:P

Jp.
f.P

IvrI.IoU
it.tJ:Ie

Iii
Ifi

D
i:-oi

I'
t:f:flt.I.A

i:l:+
n.

IJ:P
IW

(I-91
M

t(9Il.
I.tIV

f:ItnI\Jus
I.IIV

(114fl4
IJvi:D

oil
)

i,i:w
v

III
I

tl
Ill

.ui:
I

c:
I

01:
lW

V
III:'!

ItI'ft?
W

*t
LII

I$W
141

I
?E

-fI
4N

IA
.t.

I3!
Ii

tti:w
v

I
Ill

I4I
P

tI;#*)tt
W

V
1)1

I.I;Il!I;D
-

ulI9I-:o9
w

vi
I:A

V
I,O

IIV
.IJ;II

o
-

0901:400
flW

9.
I

01:409
I

01:00
I

0I00
I

ftK
.00

oi-:oo
I

oi.;.on
I

01:400
I

oI:flo
I

-tw
.00

I
oi:+

O
0

I
01:400

I
01:400

II
W

I.
=

-
oi:.00

IIonII
w

v
iiIv:.u.

toii
n,.

1:11:11
(:fl.t.

o1:w
v

1141W



wV\viny= I IEift:I m1'Wtw I.CI4r I-eI J.ojwr 0IflKI PtEEE1 11111'. flJt,lifIft1I= 1W400 (w\11*bl\IItr FAVI. UV.LE= W-ftI CW'W*I1'flU
:IIij. tuvc.i.iow y.l.p.1; IW .tftI-HI AlC0lIi. :tti:+ot 4:lw1ItI.o I,Ii.I:IrI0u .1.1:11w ?E-0l lIlJ(.l. I.lfyc.LIow\uu

l.11V.t.I0W 4l1iiI;h 014 WI) lll'IIVINI$IC III .UIE PIlCE i.-0I VI11f= 11(IJ w*ir l.n,4;1wp*= I PI-0l CW. wOn: IJRIP0
UF* ii:wviwiw IP.1:+.ft KV0 II.E1SPEI) ol;+o4'' wv I:AVI.(IiVcl.EI, l:+OP nW
I III-OI p .iI-ftp .i:i;-ot 1tE-øl a,)l:-ov lF-OI . ,)I:-flt ,H4)I .1 .fl-(Il ) dIOl .)E01
.t.I wi: - :oo nonlIe WV* IlIVCl.l0$* 0t EV(0 4fl.L flIMV 1141 L4(

WV4\VtIPV I IE4OI 4fl1'.UtW MiK I -4P I .I.W.VU 1OIflWlr 9 PI4Ot Dill. Dl iI.FU- 1014= 1 $l0D 41l\W*W\lIIl EAVI IlVJ.: I OE+øf) Cll\W*W\fIlI
II(I1J. UIVCI. 1014 IV.LIU III 01 I lIE-f) I A I .;fP I.IJ. !E40 (E14I. I 4.L0EE I.I:I44 I 014 .i.i:iiw = 2I-0t lIE, mu. 1IlV.Ll0l4\lIIl

li1V1J.I0w (Ir14EI) 014 WVP.P.) IIE14V 1111 W4 Ill .11W 4rIfE= - .-Øl VI(E?= .t w*tr Jill K14E4 I - PE-Ol I'll' 140FF M.LrZ1PP 2
HV* IWWV 1141 W . I hfl+4)Ir 14Y Dl llIlI-D = nt .p: #fl4' wv* CAH.IIIIV1KIp = u - .?:rW.ftn Q P4E+OU

- :iI:-oI 01:-eI E-0i iiiE-0t. .E-0I )i:-OI n:-ot i) ii:-ot .I1:-0l n:-ol ) - E-0l , - )E-fIl
LIHI: = - ii: ItonIr. HV0 I.tJV(.I.I014 or. i:u:ii .;n,t nEw 1141 W 0

WVi\VlflV = I - ll.;iøI (!W\WslI -'k4Il= ,I I F -OP .IfbI.'lr ADrflIIE= P tI:4ol Pill DI I=IU- 1014= :t 4E04) Ow\w*W\llII EAVI. UV.I.F= I CM\U*14,NM
$EI4:IiJ. IIlV(LI ow MV.IIU 114 DIF - ni: n I A I C4) Jj r 1 41:44)4 l:l:14LI 4J.flIcF DI l,lJf4 14)14 .IJ-:UW = : PE-0:l lIE ICIII. 1.ir$CJ.I0U\IIIl
i.I!VCIIOW uv*;n 014 WV- it:w';t iii IIC iii .UIE IICE- I 0E+oO VP?I-V= V .W#0( w** LtlICE14E4= I i;-oi CW tiolt I(J.=ClV

I eu'W*w IMH i .LD.LVF AOI1IUI 4'II4OI WU. DIU,ElIiIoI4 1 1F+OO I;AVI. IlVt.E UPE-Ol cw:'iiw'Ily
rn:i.:ui. ,uycjiow vipi i& = c:uLgaIqIEI1e DIt.EUlflK .LEIIW E-flI sElepli. .JIVI:IjowjflI
.uvq,.IoM flED 01$ WV) UEWVII$$W III fift ii:ic ui:-oi vni:i= £.fl+o2 W**1 IIIIcIcuI.*e' I 4E-f1I CII W4iK L=:$:ii, I

IIV flI3IVIUII4C i)R4II.011 hI.I.IPEI) = UV EAVI.4)IIVIEI) = OIEW5OP I1W =
I I:-O- s i:-ei flaE-eI .iE-0t .IW-ol ,uI-PI )-fw-ot ,fpp:-0l 0E-0I aflP-OI ftE-fII IU1;-OI
1.1111: = .. *F:4$n N0nht I11VfI.IIIM I)! EvIp 4:n.I. IIEWVI 1$ I MC

Wsvin:v I I:.o'I iw ww I; DI IO.VI f)IIIIII:: v 4O( flDI DII,ilIftW rn:.m III\W*W lilt Et?I. tivji: ir ,i:uI cWWW*U'tlt1
i: i:tii. i.nvi:j.toiq svi:ii I 14 IPI ( DI 1)1 I If) I.IJ tl.+IP EI1tl.I its 41. UIDM .tt:iiW ?l-IEl MI:ItILI l.It'uI.tow\IIn

flu IIV:1 p uii:s uiu* I lID: ti;i &i: -ul visi:'! r 3, 2I:+O W*t IIIII:tUE t :'i:-, ;w wnIi: U.:I:nt
u's* lti:wv I Ill Iii' r .1 ofll:Pflt' uv-. DI 't.I:uui .p:l-tp;3.p3, l.AVP.I)ItVEII) r 2 t21.4DP nW .)
3,.'p:-o:p ::'p;--ppI ItoI:-oI -ii:--os i:i,i ni:--'u ,i'ui:nI .,ui:-oI .pi;-i .,,i:-oI ,i,-;-itl .I'fli;-oI
.1,1 Wi: Ii pp:pp IlflhIII WV i.IIVLIInu ui, i:v:ju .:iiI. ,ti:uv I iii u 4,

i.El, Ici: Ui. rai:-ot t it'i'i: flip :ii.i.

TABLE 16 (Continued) Output From Oil-Weathering Calc~lations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.

‘rlfl~  = 4.:M:+w  utmms,  HA S S  414ACTION  OF EA4XI  c u r  UMAININC:
t .tlt-o I 6.iF.-Ol 9.oE-@l 9. 7E-O  I 9. w-e 1 9. w-al

5
9.*H-01 9.9*:-UI 9.9F.-U1 9.91:-4)$

MASS U4Y4AINING  = 9. I:15K+IM4, N A S S  DISPENSED  ❑

lj.,)l:_~, 9.VV.-44I
*.*7:tF.*o<,, MASS EVAPOJIATEl) = 2. wb?r.tob  . .S44M =

FUAtWiO14  !ti\SKU  ON HASS)  U424A1N!NC  IN TNE SLICK= *.VK-UI,  ANNA= 7.IE+05 M*wt, TUI(:KNFSS=
9.264E+INI

Ukllf:lll  b’UACT14)14  UA’4’EU lN 4)11.  = 7.tm-44i.  wtstmrrr =
I.-w-ol  cm.  NOI.K wr=:t37.1

:).44E44)4 t:M4TlsTuKkx, I)ISPEUSIUN ‘rFJW1 =
44ASS/AIUIAZ l.fiE+W{  CKs/H*H, srcu= 9.IE-01, 14rrA1. Vol.utm=  4b.:m*u3 4UIL,

2.5K-Nu  44Kttxrr  mAL~IONmI
olsPkXslo14=  :1.2K*4t44 mls/m44t/uu. EVAP IIA7W= 9.5E-01  Ct4S/H*H/UH

TINE = 13.:IK+Q4) UUUUS, M A S S  HI14GTION OF FACII C U T  NFT4AININ(;:
5.6t-02 5.:IE-01  44.UK-01 9 .7E-4)1 9. Uk:-o i 9.9K.-t)l *.9K-UI

6
9.9K-01 9.9K-01 9.CJ*:-4JI

HASS UKHAINiNC  =
* . 9K-44  I

9.14XIE+4UI.  P4ASS t)lfU’FJISKD  =
V.9H-411

1.242E.N7. 444SS KVAI’4MMTK44 =  :).704BE*W,  SUll  =  9.2A4E+ou
F44ACTlUN  4B%SE0  UN t4ASS)  UF2tAlNlNC  I N  ‘rIlk S1.ii:K=  ‘~.ltti-01.  AIIKA= 7.2E*05 ?4**X,
MEtcwr FuAcrtoN thvrm  irt 011.  =  7.44K-uI.  vmcust’rY =

‘iWICKNP-SS=  I  .4E-01  CH, tMU.K Wr=:Kt?.s

NASS/’AUEA= 1.3E+O:1  t;NS/N*N, Sl”CU=  9. IE-01,
:{.9N+04  CE14’IIS41)K4N,  OISPKUSIUN  ‘rKNtI = 2. SE-WI w I cwr mmr  I ON/uu

TWrAL  VOt.Ut4E=  0.:IK*4XI 14UL. UISPKUS141N= :t.2Kt4N)  WIS/n*H/U(I. EVAP lhlTE=  9.2E-01 CNtS/llWt/#ljI

T!NF.  = 6.4N+W  UUUUS, M A S S  FUAL-rlON  OF KACU  CUT UFY4A1NINC;
3.IK-02 4.7N-01  44.5K-@l 9.tlE-4tl *.uli-tll

7
*.tlE-ol 9. 44E-4)1 9.UE-441 *.44E-441 9.UH-01

HASS 14h2iAlNlN4:  =
4 .44E-U i

9.072E+4uJ. ltASS 441S1’4XStiU =
V.UK-4$1

1.4U6H+U7,  NASS EVA1’UUATEN  = 4.4t$lE+41A.  S 4 4 4 4  =  9.264E*e44
FUAt:rlUN tBASEO ON NASS~ UF3tAiNim  IN TIIE *l.ICK= 4~.Ut-Ul,  AUi:A= 7.:IK*05 M**2. TulcKNrss=  1.4E-al m, N4U.E  wr=:m7.u
UttlLlrr  FUACrlON  bArVM I N  011.  =  7.44K-01. VIS!:051TY  = 4.IK+04  ctxrrtsrumi.  I)lsmusIuN vmn =
NASt4/AUEA=  t.2EtW.\ tXtS/H*H, SPCU= 9. IK-01,

2.SK-O:i 4fKlCNT F’44ACTltiNZUN
TWIAL  VOI.U-NK=  6.:IK+4):I  4)441., UlSPkX4SiOn=  :~.l~+t$tl  tWkS/N.XN/UU, EVAP 44A’IW= U.’#K-Ol  tXS/H*N/UN
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TABLE 16 (Continued) Output From Oil-Weathering Calc~lations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.

S-MY’  s 1 n (M’ :t.U35E-ttl  IS  I tASE l )  ON  CUT  2

Tltlt = I.iti+i)l  llOUNS,  HA S S  FNACTION  OF EMU cur llKHAININi;:
t vl:-tKl 2.tDl-t)l 7. 3E-01 9.:lE-oi 9.7K-til ~.71t-ol V.7V-411

It
9.7K-4bl v.7ti-ul 9.Z’E-01

MASS 111’Y4AIN1NG  =
9.7E-01

0.9:II,E+u11.  HA SS IMSI*FIISKIJ  =
V.7K-UI

2.35UK+U7, flASS I?VAI”I)IIA’I”HU  = 7.:149K+oa,.  sun  ❑

FUAi~”lON  tOI\SEU  ON MASS) llENAlltlNG  IN IIIE SI.lCK= 9.GE-UI .  AllK,\= 7.(,I;+oL  H**2.
v , 34 N.tuil

Uti:  I CUT FllACTl  ON UATV41  1 N 01 L =
“rll14:KNl:SS=  I  .:Ifi-ttI  CM. MI,K WI”=:{39.1

7.*E-uI. vlscostm  = 4.oK+@4  t;txrrls-rtwtts,  I)ISI’KIIS14)N  “f~Jifq .
HASS.’SlUtA=  1 .2E+w.I i;Hs/H*H, SIWX=  9.tE-@l.

2.5F.-O3 u~lctrr  Fl{ALTION/Hl\
‘IWAI. VtN.UflK=  6.X+(J:I IJlll., OIS1’FJ;Sl(IN=  2.9K+@J Utk%/H$H/UII. kWA1O  NATE= 7.9E-01  CHSOJ*H/IIH

TIME = 1.2t:+Ol  U(JUIIS, ?IASS  F H A C T I O N  OF’  EACII CUT UIWIAININi::
b-l 9.51:-04 2.21-01 7.:llt-ill q.g~-~, 9. 6E-01 9.7K-IJI

,2
9.7K-01 9.7J.–ul 9.71-01 9.7K-UI

w liASS lltX4AlNlNt: =
~) .7F.-UI

U.9U4E.6U  MASS I)ISI’EIISEII =
41.7F.-Q$

*.UOOI’:+U?. HASS KVA1”INIA’IKU = U.02:lK~Oh.  SIJtt  =
FNACI”ION (iiASEli O H  MASSI  IIFMAINIHU IN TIIK  S1.ICK=  *.oE-uI.  AIIM= 7.7K+@  H**2.

v . 2fD4Ktot1
TIIJCKNU-SS= 1 .:\E-01 cH. HOI.K Wr=:l:19.4

b~ Ii:lll tWA{:rl ON MATlll  I N 011.  = 7.UE-U8. klscosiw  ❑ G.tw+it4 cwris-rw:lt+s, Ol*l~FJIStON  TNJtH .
NAsW’AIIIM=  t .xE+o:I  cHs/H*H, +1’(XI= 9.lii-01, TtrrfiL VOI.IJHK=  6.2t:+O:i  IMJl>, I)ISI’FJISION= “’

2. 4K-(KI  Idti lClil’  FllAL”rl ONZIIN
-.UK+UO  CHW!t*N/llN,  KVAI’ llATit= 7.6E-411  CHS/H*IIJ/IIR

Slw’ SIY.K  W’ :1.7:U?K-01  I S  lJASKtJ ON CUT ~

“IIMK  = I.:IK+OI  IIUUIIS,  HASS FIIA(X)UN  UI: KACII CUT NtMIAJNINt::
4.7t-u4 , .f,~-~j 7.lk-@l 9.IK-01

I :1
V.t,kl-ul 9.7E-UI V.7k-UJ 9.7K-OJ

HASS llFY4.~lNIHC  =
9.?E-UI 9.71:-ul 9.7K-tJl 9.7F.-tJl

li.tJ7:IKto0,  HASS UISI”HNSKU = :1.o.wwtu?. NASS I!VAI”ONAI’KU  = 0.677K+416,  SUM =
b’NAt3’l(JN llL\SkV)  ON HASS)  IIKHAINIW’  IN ‘rllt S1 1~:1:’  4.bK-01.  AIIKA= 7.UN*05 H**2.

9.344~*4,4&

ME1CI17 tUtACtlttN  UATFJI I N  011.  = 7.4)}:-01.
I’UICKNF-SS=  I.:w-ttI  CH.  NOI.K Wr=:K19.7

Vlsi:twk’11’  =
HASS/AllEA=  t.lh:+(Kl  tXkJ/HXM,  S1’4;11=  9.ltl-01,

G.2H+04  ckxrrts”rokk2s,  olsPmslm TFJut  ❑

TtJ1’Al. VI)l.UHK=  6. IK+O:I  UIIL. I)ISPEJISION=
2.4E-4NI WNIWT tllAt:rl{)N/1111

2.UK*4$U  tXiS/M*H/H1l.  EVAlr ILVIE= 7.+K-tJl  WS/H*H/1111

14



UV'.i!tKV- I+ØI eII\IlPW JMU JOLVI AOIflWF ' !O9 PIPI. DII PJO14 F+ØØ CW\WtW'flhl IlP. PPV.P 90E01 CW'W*W't1U
MJt Iii. MfY(LfoIq giVUlI 1W OPr tE-øJ I4OIJA POE+Ot CEWIIL4WI.W I)I'I.EHIOM J.P1114 5'H-O WIeILI. llVCLIOM\IIU
luI'ICI.IOhI ((PII) OW IIPI4YIMIMC 1W .1.1W UJf;K 1W-OI yuI:lr I:ft W* iiii:n w-eI .;W Uffli u.p.w1p
Wv UEWViIlflN if 4i*flfl WVR DII.I1l2El) :toIn. WV I'llAIIlVI.Eft I II Ift flW 1F4OIP

I OE-øt :PE-OI 0 aE-el PE-OI ) ci-oI :-oi , 'I:-oI ;-OI ,i I, (IO1 F('E-OJ
II iii: i ui:+o I IIlVf1.IOW E)I vf;1l clii. Iniw I LI I w I

u.t;, uw oi. zrw-oI ii tlVlD Oil CIU.

U1li\?IIEV- I I F.ØI CW\W*M I E -0, AornwI: or:40:P iwr CW'W*W'UU VI. UY.LE I:-f) I \W*W"IIV
IIFICILL I.UWCI. P011 14Y.L111 III Dir oi:-o I a I i;o I ,U r 4I:4o :Ii4J.I tIftKE I.EH i ow iiiiw 3E-o:I iii; ciu. i.u,vij.i flW\IIU
EHVJ.Pow r,ID o1 llV IIEbIVIMIWC PU J.IW UU;I( )41:-Ot iIiii c,p:4D2 lfrt I.I1i( Mi.= I W-0I llI W)IT MI:l4I 3
wv IIEIIV Jul M4 0 .o1E.o1 wv 1)1 iI.EID.ED 4 I.MII,IJVJ.I:I) ti:+o. nw P4E40fl
331:OP &PEO fl3EOl .9Ent s2EOl i)WO( .121:of .121:Of .)Z?J:OI .12EOI .121-0J
.1. P WI: ø:os IIcwflp WV l.Ill.I. I OW DI Iv4;JI :fl.L lirWv I WI MC I

UP:I. JXE 01. ro3w-oI I Iiv.i:i OU (0.1.

t -o:.o, cw tu i il-ni mnuI- .w+n:l mir t)lI,fllIftM- poo iWWW\ilIl I:vt, u'sLt: w--u, WW'W*W'IIH
i; irlil. .ulvI.I 014 MviF:4I III Oil - Di: n I I i:o iU i ni:40, l;i.M.I.I tI.Dl III,:Iltf)14 .1.1:11W :11; -0:1 si:u:tI,i. I.Ilyq:Ltow\(Ilq

I.11v4:I.vow 4Ii'$-ID 014 WI-i lirt.s!It4rw1: 114 .i.iii: i.:i 4:11:01 vIIEI II:i1:0? Il*t .I.Uh4:I:I4r* I 11-Dl 414. WiiII.: .Lr:i4l 0wv- iti:w'., I III ui: it- pt,i:,oii JbI.b;I*Fu) 1 Il5:lI.:44b. i;AVI,l4IlV.I,Eft :t:io,:.o. mW . v'i:onI 111:-De l-ft ! pi:-oI ft yr-al ., - ::-ni ., ,, fl.:-nI n 21:-UI 4. 2E-0I 4. 21;-oI 4. 2E-ftI a
.1.1 Wi: i:.øi ftonIt rui;u.inti in. 1:v4:tl 1:1,1. lrrwv liii 4(

J.I:t. I Xi 01. :. :14111:-UI I ltv1:Ib 014 4:11.1. :

TABLE 16 (Continued) Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.

TINF.  = i.i’~+~1  IIOIJIIS,  NASS FltACrlUN  01> KA(:II  C U T  lMltAININC:
5.VE-05 l.ul~.-ol 6.SE-91 o.9K-til 9.5F.-OI 16

V.6K-U1 9. 6W.-O  1 9.bF.-ol 9. 6F. -O I
NASS NI04AININC  = lJ.704E+t)t).  HASS NISI”KNSMU =

4.6t-ufi 9. bK-ttl V.6K-01
:1.7*61+07,  HASS IWAI’INIAIEII  = 1. UW.IN+07

FYIAIXION  (tkts~l~  ON MASS} IWIAININC  I N  ‘IUK S1.lt:K.= 9.5K-Oi.  ANlt,\= U.t)HdJ5  Hx*2. ‘IIIICKNPSA=  I
sun = 9.Q64K+0~\

WK14;NT  IWAW1ON  wrm ill UIL =
.2K-4)1  H!. NOI.K WT=:IW.5

7.UH-01. VISCOSITY =
NASS.’AIII!A=  I.lu+w  4xlsdl*H, Siwl= *.IK-01,

G.UK+U4  t:l.WIIs’t’OKkS.  IIISI$I.XISION  TFJIM = 2.4E-O:t  ttEIClrl’ Fl\ACYiONZUtl
T{tr,ll. VUIJWIK=  6. IK+W.I  11111.. IJISI%NS1ON= 2.6KiOtl CNS/HXN/lNI,  EVAI’ nArE=  6.9K-01  CMS/H*M/HR

MIX’ S1’ZE OF a.sil~-d)l I s  AMSEN o n  cm’ 2

Ln
-P It Ml:  . t .*t+ot  I14WNS.  Miss  FNALTIttN  w mm cm NttHAINjNI;:

I  .5K-@3 8.*E-WA b. IE-t)l U.  &lE-01 9. 4E-01 9. SE-01 9. m-u  1
1 u

9. SK-$)1 9.5E-L)I 9.5K-al
HASS llFYtAININC  = U.72’)E+tMl.  MASS  BISPENSEO  =

9. 5E-01 9. 5E-01
4.190E+07, ttASS KVA1’ollA’rtXl  = I  .1611E+4)?.  sum =

WIIA1XIO14  (UASEN  ON HAS*) NFYtAllil~  I N  TUE t41.1t:t(=  9.4E-01 ,  ANK,\= U.1K+05 H**2, ‘1’IIICKNFSS=  I
9.~~4~+~4~

uumrr  FllACrlON u~twt  I N  011.  = 7.UE-UI, vtst:oslw  =
.2E-01 CH.  NOI.K UT=:141.O~.2h+~4 (:Krnrl~-rO~~,%,  l)lsl.~J{slON  T~Jl~  .

NASS/AllEA=  l.tE+W.l t;HS/H*Pl. S1’CII= 9.tlt-ttl.  TOTAL  VOI.UIIE=  6.ME+03 ttlll.. OISI’EUS1ON=
2.4E-tX\  u~li;wr FltALTION/UN

2.5E*otI  CNS/fISFI/NtI,  EVAl~  NATE= 6.6E-MI CNS/HXH/llH

srt.w  SI.LF; ot’ :i.4:lGK-01  IS  IiASEli  ON Clrr 2

‘rlrt~  = 2.IK+OI  UOUNS. HASS kmmoN IN; mm cwr ItF.MAININ{::
3.7N-U6 6. bK-@2 S.7F.-OI 1s.714:-4)1 9.4E-UI 9. 5K-tJl o. 5E-01 9.5K-01 9.6F.-(J8 9.5E-01 9.5K-01
HASS IIKHAINIHC  = U.673K+NIJ.

9. 5F.-OI
HASS UISICNNS1:U  = 4.6t6K+t)7, I’IASS EVAIWNATIU)  =  1.277Ki07

EWAt:rlOH  ftiASEl~ UN MASS) NMiAININC  I N  TIIE  S1.lt:K=  9.4fi-til.
sun = 9.264K+U0

ANtX=  0.:IK+05 H**u, TUICKNESi=  1  .2U-01 4:H. H4N.K wr=:~4t  .5
UEICUT  bWALwrlON  NATVJt  I N  0 1 1 .  = 7.UK-UI. vtscosl.ry  = 6.6H+04 t:M1’lSIOMF-+.  l)ISI’HNSIUN  TFJIH =
flASS/AllliA=  I.IE+WI CNS/tt*H.  S1’t:ll’  ~.lk:-O1.

2. :IK-0:1  UHICN’1”  t’NAt:rl  ON/lUl
TWIAI. VO1.Uttl:=  6.OE+O:I Ulll.,  IIISI’F41SION=  2.GU+OO  CNS/N*H/ltll. KVAI’ llAlll= 6.Mi-iIl CNkS/H*tMIli
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TABLE 16 (Continued) Output From Oil-Weathering Calculations; Prudhoe Bay Cru~e Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.
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srt:r s I .ZE oF :1.25sK-01  IS UASKO Oh (Xrr 2

“rltlH = 2.7K+@l  UUUOS. H A S S  FIIWTION OF KACU  C U T  NkYIAININt;:
7.IK-WI 2.411’:-W! 4.UK-4JI U.:11:-ot V.2E-UI 9.3F.-UI 11 .4t.-ol 9 .41,:-0 I 9.41t-ol 9.4H-01
H A S S  UltXtAINiNG  = U.304E+011, HASS lJIS1’ltOSIXJ =

9.4E-01 9.41t-ol
3.7:1’ifi+07.  MASS  EVAIUNIATI’XJ =

FNALTiON  (OASEO ON flASS)  HMtAINllW I N  ‘1’UM S1.lt:K=  9.2K-01.
8.S62K+07,  S U H  =  9.264E+o0

AMEA=  U.0H+U5  II**X,  I’U14!KNFSS=  I.IM-01  UN, HOI,K UT=:142.U
UEIGWr  FUA(WION  WA1’FJi  I N  011.  =  7.oE-01. VISi:OS1’rY  ❑ 7.vt:+04 4:KNl”lsroKlts.  I J I S P M I S 1 O N  .rkm =
HASS/AllKA=  ‘J.VE+02  4NlS/H*H,  Si’f;tt= 9.1E-01.

2.:IE-OU WE\CNT FNACTltlN/011
‘1’WYXL VUIJMIK=  5.9K+o:I MOL.  IIISIDEUSION= 2.21.:+w  CFM/H*H/IIH. EVAP HATE= 5,7K-01

.,.-.t

CNS/HWi/UH

24

CK%/HZH/HR

26
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TABLE 16 (Continued) Output From Oil-Weathering Calc~lations; Prucihoe Bay Crude Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.

TINK = :1.:lt:*Ol  itUUlk+.  tliSS FIMCTION  W’ E M U  C U T  llHIAININC:
0. W:+ou I . ok-w? :1.9K-01 7.w-et 4.tw-tat 9. 2E-O I 9.’2lt-t)l

:10
v .2 F.-U I 9.211-4}1

?iA5S llhXIAININC  = 0.:11J6~:4ti11.  MASS DISP~ISED  =
9.2K-UI q.g~_{,, ~.~~-~,

6.XIOE+07.  MASS EVAPOIIATEU  = 1.U5?N+07, sum =
FNACTIOH  (UASEO  ON HASS)  IIENAININC  IN THE SI.14:K= 9. IK-01.  AUIM=  11.I)E+M  FI**2.

+.264K+UU
“IIIICKNVSS=  i.w.-ol 4:H. HUI.K wr=:\44.2

NKICU’I  FIIACTION  bfArWJt  IN OIL = 7.@-ol. vlscuslTY = 9. 6K+tt4  I:M’11 .s”I’~KM , 1}1 .SPkl{S  IuN ‘r~JWI = U.XK-LK{  HK14;II’I’ PHALTIUIVUII
PIASS/ANEA= 9.4E+02 MS/M*ll, SVCll=  9.IE-01, TUTAL  VOLUHU= 5.uH+u3 MM., IJISI’F4IS1ON=  U.OKtWI  t;HwHMI/1111. kWA1’ NATE= S.UK-@l Q&S/HxM/MII
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TABLE 16 (Continued) Output From Oil-Weathering Calc~lations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.

Tlnk = 4.21’+01  UoUuS,  M A S S  FuAtrrltiN  or EAcu cur ltkfIAININ(;:
O.ot:+oo  2.:11:-W  2.9E-01 7.4~-@l u.ttK-ol 9. OF. -O I

37
9. IN.-UI ~1 . lF. -wl

MASS llNtlAtNINc  =
9. IF.-OI 9.11:-01 9.lE-01

U.194E+OU.  HASS l)lS1’EUStXJ  =
v. Iti-ol

u.47:i}.*u7, tlASS KVAI’ONATKO  = 2.*:IIE*07
k’llAtH’10N  ~UAsEIJ  (JN M A S S )  Nb3tAlNlNc Ill IUE SLICK=  U.ut:-ol.  AIIEA= 9.4K+u5  mm!.

sum = 9.~~4~*~*
TIIICKNFSA=  v.bF.-u2  CR.  NUI.K wr=:\46.Li

MEI(:U’I  NUA4XIOR  UAWM  IN 011.  =  7.eE-ot,  WIS*:OSI’IY I  .2E+W5  (:IH’IISWJ’OVI.S,  l)l$il’KUSION  “rKJIH =
liASSZANtLA=  U.7K+02  tXIS/M*N. SIWU= 9.lE-f)l.

2.OE-0:1  WKI(;NT FHAL”lltJN/lUl
‘r4rrA1. VUI.UHH= 5.7E40:I  l u l l . . l~lS1’FJISION=  I  .IIEMNB (;Hs/FJ*H/uu, KVAI’ NATE= 4.:tX-t)l  GHS/H*N/llh

,rlpj~ , 4 .  :1}:+0 I 1101111S , HASS k’UALTION OF PA(:II CUr ll@YJA 1 N I N(; ;
u Ur.+wo I .UF.-W.L Z.tiv.-ut 7.:IE-01 IJ.7K-U1 V.4M.:-01 9.OK.-OI

:UJ
9 .oF.–ol ~). IH-UI 9. lN-ot

HA*S  UFXIAININC  =
9. iE-Nl

u.tbuti+ltu.  HAss  olstwllsluJ =
9. Iti-ol

u.(d14tittJ7. MASS  KVAl,iNIA’1’Kll = 2.2U1K+07.  sum =  Y.264K+(IU
FNAiXIUN  !IJASEN O N  tlASS)  HKNAIRIM  I N  TUE  MI.ICK=  U.UE-01,  ANMA= 9.4F.*03 H*x2.
wmrr FuAcrIoN mmt  I N  WI. =  7.*E-01. vlscosi’ry =

‘rWICKNF-+S= *.SF.-@* CM. NUI.K WT=346.:1
1.:m+05 ctxrrih”ruvus,  hisrEusIoN wm =

llASS/AUtQt=  ft.7E*02 OHS/ll*H.
2.WN-LXI  WNICIII’  FNAL-rl(JN/UU

MWXt= 9.IE-01. TUPAL  VO14JHE:  G.6E+O:i  lUN.. OIS1*FJLSIUM= t.UK+OiJ  tXk+/tJ*M/Ull,  kXA1’  UA’t’E= 4.2E-@l  t;ttWMX1l/llJl

‘rltiti  =  4.4fi*@l  Houus HASS FMALTION  OF EAcu cm U*:HAININC:
O.ON+W(J I .41t-o:l 2.6~-@l  7.3E-01 U.7E-01 *.OE-01

:19
V.tw-ol 9.OK-01 W.OH-01 4.tlE-tJl

MASS UFYIAININC  =  tt.142E*LMJ, H A S S  lJISrEN&lED  =  U.tY)X+tJ7. RASS KlfAIPOltATtilI  =
9.OE-01 9. OK-01

W 2.:V.IIF.**7, Suri  =
FiiAl:riUN  iUASEIJ  ON PJASS)  tiENAININC  IN TUE S1.I(:K=  ti.OK-til. AUKA=  9.5E+05 H**2.

9.zb4E+uu
4

Mlilclrl  FHACrlON  MATM I N  011.  = 7.OE-411, VISCOSITY =
‘IUICKNFSS=  9.4E-02 cR. NWI.K  UT=:146.5

HA*/AltM= U.6Et(K2  (MS/HXHm
1.:m+tt5  cwrrtsrww.  uisrmtslw  THIH , 2.(tK-tXl  WIMT FUACrlON/UR

St4X= 9. IF.-O1. ‘WPA.L ViM.UltE= 5.6E+O:I  11111., OISPKUS1ON=  1.7E+W CHS/tW4V/Utl,  EVAl) MATE=  4.tE-@l CHS/H*M/UR

‘Ilrit = 4.5t:+ol  N O U N S .  JiASS VIIA4WION  OF FACU cu r  Nk:tiAININc:
().ot+wO  1.2E-O:i  2.SE-01 7.~~-4)~ U.7E-01

4U
9 .OK-LII V.UE-01 9.tJJi-ol 9. OK-U I *.at.l-@l Q .alc-el 4.4.!K,-UI

tlASS  UkX’tAlltlNC  = a.tt7E+t9il. tlASS I)ISISF41SED  = 9.09UK*07, MASS ltVAIWUATKO = 2,:luoJt+07,  sum =
VUACTloN  (tlASMl  O N  tlASS)  tihYtAININC  I N  TIIE SI.II:K=  U.Ok-til,  ANKA=  9.0E+05 H**2.

9.~~4~+,)u
TUICKNFSS=  9.:lE-02 CN, NuI.1: WT=:146.7

UltlGUT  lUiA4Yr14tN UA’rFXl  IN 011.  = 7.OE-01. V I S C O S I T Y  = I .4K+05  ctiirritmwm,  htsrEusioN  mm .
HASd/Ati&lA= U.~E*@2  CMS/H*N,  SIWXI= 9. IE-01,

ZoaF,-O:i  Wwlcjrr  mwrluN/ull
ltJrAL VOI.IJNK=  6.oE+ON  tJIJL, t)lslbEUSION=  1.71i+o0 CNS/t!*H/UH, EVA1’  WArE= 4.1M-~1 i:HS/N*HZMtl

IIHN =  4.7H+OI  UtNJUS,  H A S S  kWA{:rlON  OF Ult:ll  i:U’r UKNAINJN(:i
0. WE*W! 9.21t-ib4  2.4K-ttl 7.lE-4tl U.OK-*! U.9K-01

41
* . (m-t)  I 9.OK-01 *.olt-t$l 9.0}:-4$1

MASS tiFXIAININC  =  U.091E*OU.  tIASS I)IS1”KIISEIJ  =
9. @E-tI I 9.eK-el

9.:IOJK+07, tJASS  lWAl”OUA’lWtJ  = 2.42UJt+t)7.  S!JN =
FUAtXION  IMASEU  ON HASSI  UEMAINIJW  JN TON SJ.l~:K=  0.7K-01.  ANF.i= 9.6K*U5  N**2.

9.264ti+(Ml

uv.lcwr FuAcrIon  mwu  iN 4111. = 7.OE-01  ,
‘rUICKNFSS=  9.2E-w2  CH. NuI.F. Wr=:147.tt

VJS4:OSIIY  ❑

MAsS/AllHA=  ti.4E+02  Ms.N*H,  stww=  ~J.IK-oI,
1.4Ktti5 ckxrrlstwm. IIISPKMSION ‘JXMN  =

‘r(rf,\l.  VUI.UHE=  3.6E+O:{ BBL,
2.t)E-OU  WKIWT FUALTIONdU

I)lSPEUSION= 1.7Etwt tws/rI#tt/uII. KVAP urn:= 4.W-01 Msm*fmlN

“rlHK  = 4.UK+OI  UtNNIS.  N A S S  KllAC’rlON  OF KACU (:Ur ll$YtAININC:
e.wK+tMl  7.:IE-*4  2.:tE-ol 7.OE-UI U.6K-01 O.VK-OJ

42
V.olt-ol V.tilt-ol

NASS UFHAINIW  =
9. Lm-el 9.OK-01 9.OE-01 Y.UK-a l

tl.(.M,7EttNb. nASs  UISJ-WJISMJ = 9. 5WJE+07  , IJASS  KVAIWUATIMJ  = 2.47SE*U7, SUR =
FUAt:rlON  (MASClt  ON HASSI  UF3tAlNlNG  IN TllE S1 lt:K=  N.7E-W1. AIIEA= 9.7F:+05  N=*2.

9.~64E+041

UKICU’I’  FltAcrloN wxrm I N  011.  = 7.oE-u~ . V1S4:SSI”JY  =
‘1’UICKMFSS= 9.2E-02 CM, N4S.E Kr=:147.2

NASS/ANEA=  U.3E+WA  W4WH*N.  Sl”cll= 9.11C-01 ,
I  .5K+M5  ctmvsmms.  UtSt’kXSION  TFJWJ  =

TOTAL VOJ .UNK= 5. 6K+O:I tUN. ,
2.OE-0:1 WKICU’I’ FUAL-J’lON/UU

IMSI%NSIOM=  1.6E+(NJ  CNS,’M*H/UN, EVAI’ uwtw= :~.’~~’~l  ~Nsal*rwun
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TABLE 16 (Continued) Output From Oil-Weathering calculations;  Prudhoe
Versus Calculated Results at 40 F for Open-Ocean

Bay Crude Oil, Time
Weathering.

FliAt:l”lUN  (UASKU O N  MAsS)  llKMAINiNC  I N  Tlltt  S1.l(:i’.= fI.7E-01.  AIIKA= 1).uI.:+oa  MXZZ.
WEIGHT k’ltAL”k’10N  UA’k’kll  I N  u1l. =

TIIICVNFSS= 9.ttE-W2  Clt,  ?N)IX  Wr=:147.7
7.tkK-ol  ,

lIASS/AHEA=  U
Vlstx)sl’ry  = I  .6K*tt3  CKNIISPI”UEFS,  uISl”kUISloN  ‘11.lltl =

.2N+kt2  {;w*/rkxN, Sl%;il= 9 .  II;-ul.
I  .  W-(x! UF.1Cll’1’  FUACYIUN,’1111

TWAL VUI.UMK= S . 5K*W MN,  , l)lswt’xlslutt=  1.6K+LMJ  txks/Pk4H/’uN, tWAl” UATIL=  :t.7F.-kti  CIIWH*?VHR

Tlru:  = s.21:+MJ  UkkUILS,  IIA.SS kUIAtXIUN  Ut’ F.ACU  t:lrk’ Uk31AlNlNC:
kk.ut:+wl :1.(,1-04 2.OE-01  tl.uti-ttl U.nl;-ol U.uw-vl u  VK-01 U.9E-NI

4 s

HAS* lWYIAINING  =  7.9V4E+ktU,  MASS  I)ISI’ENSKI}  =
u.9K-ttl u.vl:-tkl U.9E-01 u.*K-u#

1.UtJ9E+UU.  HASS KVAIWllM’rKli  =
FUAtYrlfJN  (U.\*El)  *1N ttASt+)  lWMtAININC  IN ‘ruE  S1.It:K=  o.c,N-01  ,

2.(,I:$F.*1)7, sum = 9.~’4~+4),)
AukX  = v . III.:+(IG M**X .

UK I MT k’UA(Xl  OH UA’IWI  I N Ul 1. = 7.itK-t)l. VIM:USITY =
“i’lllt:KNVS*=  U.9R-tM2  M. HI)I.E  wr=:147.9

HASS.ZAhFA=  U.lk+t)2 tXtS/M*H,  StWU=Y.l  E-ttl,
I .7E+06 CkX’rlS”tk)tiI.L%,  l)lSl~KilSION  TKIIM =

TtrrAL vtkl.umK. 5.5E+tx\ tklu,.
I  .9K-u:I  WKICUT k’i{AL”rION/UU  $

ktlSIJFJiSIUN=  1.C,KMNI  I;Ns/H4H/1111, EVAP UATkW  3.7E-(tl  CNS/H*N/Hh

S“tltl’ s I Y.E w’ 5.WW-01  I s  UASEU on  cm :1

TIHH = 6.2H+ttl  U(NIIL+,  NASS FtiAL~IoN  QF EACU CUT’ UEMAININt;:
tt.ttt:ttkit 4.7K-WG  t.:m-ttl 6.2E-tkt lJ.3E-ttl  U.6E-01

46
U.7E-01 U.7N-U1 11.7E-01

MASS uF3kAlNlNC  =  7.U04E*OU. NASS lklSIWISEkk  =
U.7K-U1 u.7K-ktl u.7E-ktl

1.163N+UU. ?IASS KVM’4)UATHI)  = 2.9tAtNto7,  SUM =
FUA(X1ON  (UASEI)  U N  ttASS)  W3tAINlNG  IN IUE til.lcK= U.4N-ttl. AUk’A=  1.0K+u6 H*x2, TIIICKMFNS=  U.:{E-tX2  CM. MUI.H Wr=:149.6

9. Z64K+NU

t#Eli;lt’1  kWACrlON  UA’IWX  IN OIL = 7.OE-9i.  V I S C O S I T Y  =
HASSZ’AIIEA=  7.6E+kt2  c~/’HxH,

2.2K*ktfi  CkX’rlS”rUKF.+.  l)lSl~FJISIUN  TKUN =
spelt= 9.lU-01.  TtqA1. *01.UHH-  S.4E+U3 lull..

I.UK-W.{  UKICU’k’ tVIAtXION/Ukt
UtSl~bJtSIUM=  1.4t:+tMt  CNS/H.Wt/UH.  KVAI’ ktA’YU= 3.IE-01  kXiS/NXH/HK

0 skwl’  SIZE  w 5.kttM)M-t)l  IS  UASED O f t  C U T  3
m f~lmt . ?.ZE+OI  HwlUS,  MASS FUAt:rlttN  OF EACII cur UKPIAININC,

U.UK+UU  5.UE-96  U.9K-e2  S.7K-(tl U.km-ktl  U.tut-ul U.tdi-tsl U.ott-ol U.bti-t)l U.(*K-t-lb
MASS Uk3fAlNiNG  =

u.6ti-tkl
7.636KtOU,  HASS tJISl”kXSKh  =

u.6F.-oi
I . :IOXF.  +ttl\  , MASS EVA1’UUATKI) = :1.2b:llitN7,  s u n  =

FUAt7rtUN  (BASEU  ON ftASS)  klEHAINIHt;  I N  ‘rUE tM.lt:K=  U.X-U1,  ANHA= 1.IK+U6 tt**2.
V.264K+OU

uumrr Fumrtom u6mJi  in uit. =
“illlt:KHbXS=  7.uK-tt2  m. Ht)l.ti  WI’=:151.I

7.oE-t)t. vtscoslw = U.ut:+ofi  crxrrls-ruKtX, olswttslum  ‘rum =
NA.SS/AUILA=  7.1E+02 CHS/lt*H, s1’CU= ~.ltt-ul, TUTAL  Vtkl.tJtlK=  5.:lK*o:l UIU..  IIISIWXISIUN= t

1.7E-u:I  ttm:trr FiIAt:I’10N/iuI
.2K+M) CNS/HXH/UK.  KVAI’ llA”rE=  2.7M-01  CttS/II*H/M8

4 7

srkw sI”AE or 5.tJOOE-ktl  I S  BASkXt  UN CUT 3

‘TInr.  = 8.2H+01 UUUUS. HASS  KIIAH’ION  i)k’ KAt:U  t:Ur UFYtAININ(;:
tt.k)k:+ttkt 6.2F.-tt7 3.7K-W2 5.2K-01 7.uE-ttl

4U
U.:lt!-ol u.4E-t)l u.41i-(tl u.4K-ktl U.4K-01 u.4E-ktl

MASS UkYiAININU  =  7.4UX+tJlt.  HAS*  lklSk’KNsEl)  = i .429K+wU.  HASS EVAPUNATEU  =
U.4K-U1

:1.5:16E+07.  SUH =  9.264}:+011
FHAW1ON  iUASEU  ON HAS*) NMAINING I N  TOE sI.l~:K=  U. IK-01. ANKA= I.IK+km  M**2. TUICKNF.SS.  7.4E-02 CM, HoI.E  UT=:152.6
uwmirr  Fu~crtutt  w.vtwu I N  ttlI. = 7.kt*:-uI. vlstmsl.ry  =
HASSZAIIEA=  to.UE+W  CKS/tl@l, SI’UH=  9.IE-ttI,

:t.6K+ti5  t:kxrrim)KFs.  ttIsIw3ksIort  mm .
TW’A1. V{II.UHH=  5.2K+tXi ltkU.,

1.6E-0:1 Utilt;lll’ kVIAC’rl~lN~UU
UISI’MUS1ON=  l.ltL+k$O  CNS/!I*H/UI\, EVA1) NATE= 2.-kF.-kll  tXIS/M*fI/MH

srw s 1 “Zti OF 5.t)kmf.-(tl  1 s  NASV.U ttN cur :1

TIME = 9.2K+OI UUUUS, M A S S  FIIACTION  OF KAUII i:UT llkYIAININt:i
O.Ot*kIO  S.NK-OU  3.6K-W4 4.7E-tJl 7.AK-ttt

4 9
u.2K-ul U.:IK-01 U.:tc-oi U.:IK-01

HASS UkMAINING  = 7.:1*IN*04L,  MASS  tJIS1’kX&tU  =
U.:bv.-ttl U.:{K-01

1.5+Zi2+tW.  tkASS KVA1’tNIAlkXl  =
U.:IR-01

:i.7u7ktt17,  sun =
FNA4XION  {UASEU UN H8SS)  UKHAININC  I N  ‘INK S1.lt:U=  7.wE-01. AUKI%= t .tH+06 ft**2.

9.264k:+tJU

MEICUT  k’UACtlON  UA”rKU I N  O i l .  = 7.ac-t)l  , vtscosiry =
“l~llt:KNFSS=  7.ktK-w!  I:H,  ?tu1.ti  tW::ifi:l.9

4.5K*U6 ckxrria-rwvs, lllSl”k’JISION  TVJiH =
NASS.’AUEA’  6-4E*W WS/M*ti. SYCH= *.iM-01.  “rWA1. VUIAIHE= S.ttt+kx! tUtL,

1.5K-0:1  IWl{;lk’1’ FUA(XIUN/1111
ltlSIWISION= 9.4E-t31  tMS/N*H/UI{, EVA\’ HATK= 2.iE-@l CNS/N*tk/HR
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TABLE 16 (Continued) Output From Oil-Weathering Calc~lations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.

“1’lHti = I .X+W IUNIM.  HASS  FIIAIXION OF  NACll (:IIT HI’MAlf4iNC:
o.ut:too  O.ol:+ou  7.9K-0:1  :1.!3K-01  7.OK-*1 7.HK-01 7.9K-tll

52
41.OK-UI U.UK-NI O.ol:-ul  u.olt-ul

HAss  III$14AINIHI;  = 6.40cW+W1. HASS  IJIWMWW = I.lMIE+OU.  HASS I.XAI’ONATKW =
N.oti-tll

FIIACrlON (LIASEI) O N  MMSS) NKHAININC  I@ TWE SLICK= 7.G}.-oI.  ANM=  1.2Ktoti  II*XU,
4.4:IUE+07.  SUH = 9.264L+W1

blK14:lli’ F H A 4 . W 1 O N  WAIXN IN OIL = 7.OE-t31,  VISCUSITY  =
TIiit:kNILSS=  6.2ti-w2  CH.  H O L E  wr=:ts7.4

HASS/4HltA=  5.6E+02 CNS/HXfl,  SWII= 9.IE-@I,
li.5F.+wi ckyrriww.ti.+,  uIsIIF.usiI)N TFJIH =  I .2E-IKI UKI{;NT  FHACTION/Hn

“rOTAL UOI.UHE= 4.tiKtLNl UH1., I)ISI’FJKION=  0.9t:-t)l  tX#S/tt*H/UH. EVA~ NATE=  1.6E-01 4X!S/H*H/lIR

Tlnti  = I .:iti+W H O O H S .  HASS FHALTION  OF EACH CWr NH4AININC:
O.Ot.+Utt  O.O1:.+Utt  4.6E-W.I  :1.iE-01 b.OE-O1 7 .-rE-oi 7.tJE-ol 7.9K-ol 7.WW-NI 7.9K-01

53

HASS HkltAINIHC  =
7. ~ti-ol

6.876E+tMl,  HASS lblSPENSEO  =
7.VK-UI

1.926K*ON,  NASS KVA1’OllATltU  = 4.@4K+u7.  S U H  =  9.264E+tMl
FHAt:rION  (lJASKU  O N  ltASSt  lIFY!AININC  IN TUE  S1.ICK=  7.4K-NI. AllE,\=  1  .:II:+U(I  H**2, TIIICKN1:+S=  O.*W-U CN.  rlol.lt Wr=:t5(l.4
u~lcmr  FuAcrloN  bmrm  I N  OIL =  7.oK-eI,  V I S C O S I T Y  . I  .0K+06 (:IXTIS”IIJ}.F-$.  WISI’FJISIWN  TFJIH =  I
HASS/AllEA=  5.4K*(b2  tX!S/H*tl, SP(Xi=  9.IE-01.

.2K-LKt  HI!ICIII  FHALTION/Nn
TWTAL VOI.UHK=  4.7E+WI  llIJL, l)lSIWHSION= 6.:lK-ttl UIS/H*H/Htl, EVAY MATE= t.5K-Oi  CHS/H*~l~

‘1’IHK = 1 .4N+02  ll~lit$, H A S S  FNAL”I’ION  OF KMXl  CUT N}MAININ4;:
O.OK+OO +.!.OK+UO 2.6K-w.I Z,IJK-01 6. 6H-01 7.6K-01

94

HASS NtXiAIHIHC  =  tD.77H&:+ttH,  HAsS his~kms~~ =
7.7K-UI 7,11K-#1 7 .OK-01 7.m-ol  7.lIli-ul 7.NK-01

2.aU5K+(Ht,  HASS EVAI’MATMI  = 4.nllF.*07
kWAt:rlON  iNASEI)  O N  HASS)  HMAINING I N  THE S1 lf:K=  7.:IE-01, AIIKA= 1.:IK+06 H**2,

sun = 9.264E+ON
llllCKNF++i=  5.7K-02 CH.  HOI.K Wr=:l@J.4

uhit;m  IwAcrloN  umm  I N  011. =  7.tw-oI.  vlscoslm =  1.2K+oG t:mrrlsrowks, UISIWSION  TFxtH s
tlASti/~NEA=  5.2E+02 WLS/H*H,  S1’(;li=’9.lE-01,

I. IE-():1  Ultlt;llr  FNAt:rlON/HH
TU7AL  ViJIJJNE= 4.7E+O:I  lJiU.. ~lSl>FJISION=  IJ.7N-MI CHS/H*H/HH, EVAF NATE= 1.4E-ttI CKS/NXN/UN

‘rlHK = I  .5N+w2  m.ms. H A S S  FIIACIION  OF KACH  cur HY#AININt:~
O.tm+uo  O.oli+w 1.4K-03  2.3K-el 4,.4M-01

53
7.!m-ol 7. 7E-01 7.7K-01 7.7K-01 7.7K-01

HASS llEHAtNING  =  6.6117K+MU.  flASS UISI”FJISKO  =
7.7E-01 7.7K-ol

2.07YK+O0. HASS EVAI”WHATKV = 4.9NNK+i$7.  SUH =
FIIACTION  (BASE-U O N  HASS)  NFMtAINING  IN ‘I’ll}: S1 It:k= 7.2E-01.  AllK,\= 1.:IK*06 H**2,

9.~64~:+UJl

UEIUOT  FliALTION  UATNJi  IN 0 1 1 .  =
“rlllCKNF-*S=  5.5E-(12 M. HO1.F.  WI=:160.4

7.oE-ot. v iscos try = 1.mtfti6  cufrrirm)Ku4, utsPFmsItIN  mm =
NASWAJWA= 5.IE+*2 ms/H*N*  S1’txl= 9.IE-01. Ttfl’AL  VOIJJHE= 4.6E+IJ:1  INJL,

I.w-w uk:ictrr  FMAmI(JN/nn
I)ISPEJISION=  5.:IE-01  (.WtS/H*N/UH. EVAF lIATE=  1.:IM-01 GNS/N*M/HH
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TABLE

NASWAIIEA =

16 (Continued) Output From Oil-Weathering Calc~lations; Prudhoe Bay Crude Oil, Time
Versus Calculated Results at 40 F for Open-Ocean Weathering.

4.6E+02  mis/rt*tl, $I)l;ll=  t}.~~-~)1. TWrA1. V(tl.umti=  4.4K+4t:\  ttnl., ltiSllFJISlON=  4.lE-til  (X4S/M*P14111,  tiVA1’ IIA’rK= l.tDK-&il  tXS/fl*N/lIB

‘rln~ = 1.9H+WJ  Uuttlls.  HASS FllAiM’iON  01” khcll  cur liKIItAININi;:
tl.l)l:+uo  O.oti+w  1.lK-04  ).5K-01 5.7tt-t)l ?.IE-UI

W
7.4K-01 7.41-01

MASS  llkYtAIN1ltG  =
7.4E-U1  7.4E-01

(#.:174ktwto  HAS t)lsrFJtsKl)  =
7. 4E-(t  I 7. 4tt-o  1

2.:t:llk:+4Ni.  ttASS twhtwbiwu  =
FllAi:l’ltiN  (BASED  ON HASS)  IIENAININC  I N  TIIE SI.ICK= 6.Q}K-uI.  AIIKA= 1.41+oG  HZ*!!,

5.591F.+U7,  Surl = 9q*~4~+~f]

twitxrr  tJtiACrlON  ufmui  IN 011.  = 7.elt-ctl,  V I S C O S I T Y  =
TIII(:KNFXS=  4.vE-w& CH,  RUI.K wr=:164.o

2.?K*U6  CENTls-ll)KIXS.  t}lSPKllSiUN “rFJIM  =
HASS/AllKA=  4.3E+(N2  (;NS/H*N,  SPCII=  9.2E-01,

lt.6E-lt4  Ul!lclrl mAcTlttN/lot
TWrAL  vuI.utttt=  4.4E+o:I  nut., l)ISPWJISION=  :1.UK-01  CNS/Il*H/1111, EVAP ItATE= 9.7K-02 OtS/H*PI/NR

SrkW  SI’ZK  OF 3.@OOE-Ot  I S  UASEI) O N  CU7  4

‘rirtti = 2.oE+w Mulls,  H A S S  FMAC710N  tiF  Emu CUr.liMAININC:
@.uK+ott  O.tilt+oo 5.6E-W 1.3E-01  5.6E-01 7.9E-LtI  7.3E-01 7.:lK-4tl

60
7. 3K-01 7.:IE-61

HASS llOtAININC = 6.:i(t7E+@U. ?IASS  DISp~~  =
7.:IK–01 7.:IE-01

2.:IOSE+OU, HASS lLVAPOIMTt.XJ = 5.725F.+U7. sun =
kVtACrlON  (ttASkXt O N  MASS) lWXIAININC  IN TIIE SLICK= 6.ttt-01,  AllFLl= i.4K+t)6 II**2,

9.~64E+0u
‘rlllCKNtX+=  4.uE-4U CM. MuI.K Wr=364.11

u~mrr  FnAcrlori  mrrxt I N  011.  = 7.OE-@l.  vlscos[.ry = :i.2E+06  i:kxrrl~-rww. I I I S I ” K N S 1 O N  .twim  = ti.2K-L14  wkttxrr  HIAGrlON/Ufl
HASS/AIWA=  4.4E+W CNS/H*fi,  SPCR= 9.2E-01,  TWAI. VOLUME= 4.:lK+W llltl.. ltlSPFJISIUN=  :{.IJK-01  CHS/N*H/lMl,  KVAV IiATE= 9.t#E-tJ2  (XIS/tt*N/IIh

srtx+  sI’zE oF 5.OWtE-t)i  IS UASEt) O N  GUT 4

Tlttt  = 2.IE+02 uuuus+,  M A S S  FnAt:rloN  OF muu txrr tiF~AININ4::
e.ok+e(t  9.4m+w 2.tlE-w I.!?E-al 5. 4K-4t 1 6. 9E-O  I 7.x-4tl

61
7.:IK-01 7.:IK-01

NASS UFMAININC  = 6.24:IE+(M1.  MASS l)lSIWXlsEt)  = 2.+16t:+LtU,  MASS EVAMtM’rMt  =
7.:IN-01 7.:{E-iJl 7.:lK-4tl

S.U52K+U7, sum =
FttAH’10N  (OASMt  O N  HASS)  IWNAINIIW I N  ‘rllll SI.ICK= 6.7K-U1. AUtiA= 1.0K+06 H**S.

*.~64~+~u

wElcwr  FnAcrlom wAmt  IN 0 1 1 .  = 7.tON-MI.  vlst:usITy  =
TUICKNFXS=  4.6E-W M, NOI.E WT=365.6

:1.6Kto6 txxrrlsroKFs.  olsrrxIstoN  “twin =  7.w-04 u~lclrr Fn,wrluN/un
NASS/AllEA=  +.3E+02 WQM@ll.  SPtX= 9 .21t-IJl.  TOTAL  VUIJMIK= 4.:{E*O:I  BUL, OISWtlSION=  :1.:IE-01  lXIS/M*M/IUl, EMAr ltA”tli= tl.5E-W  OIS/HXII/IIB

srw SIZE w 5.@Ot)E-Lbl  I S  UASkX) O N  W’r 4

TINN = 2.2t*tK4 UOUIIS.  MASS FIIMXION  W“ KACU  CUr ll12tAlNiN{;:
(t.tJt*tlu  e.w+w 1 .4E-05 I .Uti-tt: 5.:\K-ol 6.9E-01

62

NAS*  llh3tAlNlNC  =  6. IUM+C$U,  HASs I)ISI*IWSHtt =
7. 2E-L!I 7 .8~_~, 7. ~~-~1 ?.x-ot 7. 2E-L)l 7.2K-ttl

2.4USK+OU,  H4SS t!VAIWllAlkXt  = 3.97:)H*4)7.  SUM =
k’llAtWIUN  (ttAtiEl)  ON NAt2S~  IIFMAINIIW  I N  TIIE SI.II:K=  6.7K-cJI.  AllKA=  1.3K*U6 N=*2.

9.~64E+~Jii

uEu:trr  FuAmvoN mm ifi 011.  = 7.OE-UI.
“lnlCKNrSS=  4.5E-W c?t.  NU1.h:  Wr=:\66.4

vlst:ust’ry  = 4.2ti+4MI  t:kfrrlsrttKkk4,
NASS.”AIUM= 4.2E+62 MS/M*H. S1’t;lt=  ‘J.2E-~1.

l)lSt%JtSIUN  ‘rFJIN =  7.5}:-04 HHICU’1 FliAL”rlON/UR
Ttrtw.  VULUHE.  4.2K+oa  ktw. lJIS1’EILSltJN= :1. lK-Ltl 1:IMOW44UI. tWAt’ n6Tu=  ?.~~-oz  Lms/m*Ndn

srw sI”zK  w 5.0001:-01  1 S  IIAMM)  ON CUr 4

‘INK {WI’  NUMttt:ll I Nt; tlii; 1 NS w I ‘1’11 1  IIASII) t)N ‘1’111[  0111(;  1  NAI. t:t)’1’ NUNlltXS



TABLE 16 (Continued) Output From Oil-Weathering Calculations; Prudhoe Bay Crude Oil,
End of Calculated Result, Including Final Mass Balance.

7.I17E-*1
FHACI’ION  (NASED  O N  HASS~ IWIAININC  IN lllE SLII:K= 6.6@:-01, AI{KA= 1 .5K+06 M~*x.
MSS nwilntw  = 6.077E+U0, NA.ss I)lsl%nsh:l)  =

TIII(:KNF-+S=  4.:Mt-02  CM, tw.E u7=367.I
2.3@K+Utt,  HASS EVAI’OIIA’IWIJ  = 6. I(11K+07,  SUM = 9.~*4~**u

*******4*******8***********$********$$*******$*a**+*:&*************

.

ZX$****** FINAL OVEOALL  HASS NALANCE  k’t)lt  PAMNT  O I L  *********x*

m b’lNAl.  tLISS  FIIACTIONS  Ok’ COW:
O<tmokewl

.

w u.o#oK+w  M.t)otw+tio ().wltw+uo  Lb.wmti+tm 1.471}:-06  5.619K-02 :1.wltw-ol
s.5!dw-el 5.m3E-ot

5.243E-ol
tt.mwlE-el S.mwt-ol

S.sltw-t)i 5.55iE-ot

FIIACTIUN  (IM4K0 ON MASS) llkMAIMINC= 4.:lS6E-I)t
N&W IIFYIAINIMI=  6.u77E+M M A S S  I)ISIWOSEU=  5.275E+OU  HASS KVAI’UUATWU=
UNICIIIAL NASS= 1.39SE*09

2.604MtttMl  tiASS l)KLHTkX)=  t.566E+OI TW’AI.=  1.:)9SE+09



explanatory but some care must be taken in order to identify the cuts at each

time step. There are cases where the first cuts can be so volatile that they

evaporate away immediately (<1 hour). In this case the cut(s) will be deleted

from the calculation and the remaining cuts renumbered.

Page 40 illustrates the output where a cut has been deleted because it

evaporates too fast to be considered in the calculation. The cut renumbering

occurs immediately before the time integration begins and will always be noted

on the output before the time = O print. The user must know that a cut has

been deleted or interpretation of the results will be shifted by one (or more)

cut . The deletion of a cut is also noted before the final mass fractions are

printed by telling the user the number of the first cut printed. This is

illustrated on Page 48 where it is noted that the cut numbering begins with 2.

After pool-weathering and broken-ice field weathering, open ocean

weathering at 40”C w a s chosen. Page 49 shows another intermediate

characterization of the oil. Note that in this characterization only twelve

cuts are shown. This is because the first three cuts have weathered away. The

remaining cuts are renumbered and characterized in the usual manner. Thus, if

a user desires to follow a particular cut through a scenario, care must be

taken to correctly identify the desired cut. This is most easily accomplished

by following the boiling point of the component (which does not change) through

the various output.

As with the two previous weathering “compartment s“ , the oil

characterization data is followed by the input constants and the results of the

weathering calculations (pages 50 through 60). Page 60 presents the end of the

weathering calculations and the final overall mass balance for the parent oil,

This mass balance serves as a means of checking that the sum of the mass

evaporated, mass dispersed, mass remaining, and mass deleted (very volatile

cuts) is equal to the original mass.

An example of the 80-column output is presented in Table 17. This

output was generated at the same time as the output in Table 16. Note that the



TABLE 17. Illustration of 80-Column Output from Ocean-Ice Oil-
Weathering Code; Prudhoe Bay Crude Oil; Weathering of
Oil in Pools on Top of Ice at 32 F.

WEATBERINC OF OIL [N P~Ci5 ON TOP OF ICE

OIL: PRUDHOE B A Y ,  A L A S K A
TEMPERATURE= 32.0 DKC F’. wIND S P E E D = 10.0 KNOTS
sPILL S[ZE= 1.000E+04 BARRELs
MASS-TRANSFER COEFFICIENT CODE= 2

FOR THE OUTPUT THAT FOLLOWS. MOLIM=CIiAM MOLES
(XIS=CRAMS, VP=VAPOR PRESSURE IN ATMOSPHERES
t\P=BOiLING  POINT I N  DEC  F ,  AP1=CRAVITY
MW=HOLECULAR  wE1G8T

MOLES
2.74E+0!3
3.13E+03
:1.9tE+e5
:1.fJ7E+W5
3.43E+93
2.92E+@5
3.:M3E+05
3.41E+W5
:\,:14E+@5
1.74E+05
3.5eE+ws
3.41E+W5
2.75E+@3
3.ti4E+t13
9.42E+$35

cm
2.29E+@7
2.96E+67
4.14E+97
4.37E+@7
4.60E+@7
4.41E+97
!S.53E+@7
6.31E+@7
6.69E+$37
3.84E+07
9.01E+@7
9.59E+@7
8.S9E+07
1.@7E+08
3.65E+08

VP
4.@9E-+32
t.35E-f)2
3.25E-03
7.$35E-04
1.49E-04
2.44E-95
3.98E-96
!J.86E-e7
8.22E-08
8.24E-@9
4.12E-19
2.02E-11
8.60E-13
!.96E-14
e.@eE+ee

BP
1.$@E+@2
t.9@E+t?2
2.33E+92
2. 80E+02
3,~5E+g2
3.7@E+02
4.15E+02
4.6@E+e2
!5.@SE+92
5.54E+92
6.+39E+@2
6.62E+92
7.12E+@2
7.64E+@2
8.50E+92

API MU
7.Q7E+91  &q
6,42E+01 93
5.67E+01 105
5.t6E+@l 119
4.76E+91 133
4.32E+01  150
4.15E+91  1 6 7
3.78E+@l 184
3.48E+$31 200
3.06E+01  220
2.91E+91  251
2.62E+91  281
2.40E+01  312
2.~5E+01  351
t.14E+@l 600

MOUSSE C O N S T A N T S :  MOONEY=  O.O@E+@O, MAX H20=-i .00, w1ND**2=  0.fI@E+g@
D I S P E R S I O N  CON.ST,\NTS: K A =  1.08E-@l. K B =  3.00E+Oi. S-TEI?SION=  1.00E+e@
VIS CONSTANTS: VIS25C=  3.50E+$31.  ANDRADE  =  9.00E+t33. FRAa =  1.(J5E+t31

FOR THE OUTPUT THAT FOLLOWS, TINE=HOURS
HBL=EJAflRELS, SPCR=SPECIFIC  GRAVITY, AREA=?I*M
THICKNESS=CM, W=PERCENT WATER IN OIL (MOUSSE)
OISP=DISPt?RSION  RATE IN CMSdWMIR
l~YiATE=EVAPORTiON RATE [N CMS/fl*M/HR
M/A=MASS PER M*M OF OIL IN THE SLICK
l=F1RsY7  CUT UITE CREATER THAN 1% (MASS) REMAININC
J=FIRST CUT WITE GREATER THAN 30% (MASS) REMA[N[NC
DISPEM1ON WAS TURNED OFF
sPREAD[NC  WAS TURNED OFF

TIME BBL SPOR AREA THICKNESS
0  1.0E+04 9,88 7,9E+04 2.@E+O@
I  9.UE+93 0.30 7.9E+04 2.9E+LW
2  9.:E+e3 e.aa 7.9E+e4 i.9E+ee
3 9.tE+@3 43.83 7.9E+04 i.9E+00
4  9.6E+W e,88 7.9E+@4  1.9E+90
3  9.6E+03 9 . 8 9  7.9E+84 1.9E+@e
6  9.5E+e3 0.a9 7.9E+04  1.9E+ee
7  9.5E+03 @.89 7.9E+04  1.9E+w3
8  9.4E+e3  e.a9 7.9E+04 1.9E+tle
9  9.4E+e3 0.a9 7.9E+04  1.9E+ee

It) 9.4E+03  @.89 7.9E+@4 1.9E+M
tl 9.4E+03 0 . 8 9  7.9E+04 1.9ft+ee
12 9.4E++33 0 . 8 9  7.9E+04 1.9E+ee
13 9.3E+e3  e.a9 7.9E+e4  i.9E+ee
14 f#.3E+t33 9.89 7.9E+04 1.9E+00
IS 9.3E+@3  (t.89 7.9E+@4  1.9E+@0
16 ‘).nE+e3 0.a9 7.9E+94 i.9E+ei3
17 9.aE+$33  $3.89 7.9E+04 1.9E+430
18 9.3E+e3 e.89 7.9E+04 i.9E+ee
1 9  9.2E+@3  0.89 7.9E+@4  1.8E+e43
29 9.2E+03 9 . 8 9  7.9E+@4  1.8E+09
2 1  9.2E+e3 e.a9 7.9E+04 l.aE+ee
2 2  9.2E+$X3 @.i39 ?.9E+@4  1.8E+W
23 9.2E+e3  e.a9 7.9E+e4 1.k3E+ee

63

W  DISP ERATE
0 @.QE+Wit @.0E+ot3
o o.eE+ee 1.7E+w
e  e.t3E+ee  1.3E+e2
@ O.OE+W 9.5E+01
0 0.OE+Oo  7.5E+O[
@ e.@E+OO 6.2E+@l
e  e.oE+ee 5.2E+et
0 o.oft+ee 4.51z+oI
0  0.011+W3 4.OE+Ol
o  e.ull+w 3.6E+01
e  0.0E+08 :1.:lE+Ol
e  e.et2+ae 3.e\c+ei
e  e.eE+ee 2.8E+et
@ 0.@E+90  2.6E+t31
e  0.oE+w 2.4E+et
e  e.eE+eO 2.2E+el
e  e.eE+ee 2.lE+el
e  e.eE+ee 2moE+el
0 e,eE+ea 1.9E+01
0 e.eE+ee 1.8E+oI
e  e.eE+e43  1.7E+t31
e  e.tiE+ea 1.6E+01
0 e.eK+ee i.6E+et
e e.eE+Oe 1.3E+oi

WA 1
1.8E+@4 1
1.7E+04 1
1.7E+04 I
1.7E+04  1
t.7E+e4 I
1.7E+e4 1
1.7E+e4  1
1.7E+e4 I
1.7E+e4 2
i.7E+e4 2
1.7E+e4 2
1.7E+e4 2
1.7E+e4  2
1.7E+e4  2
1.7E+e4 2
1.7E+04 2
1.7E+94 2
1.7E+e4 2
1.6E+$34  2
i.6E+@4 2
l,6E+04 2
1.6fi+04 2
1.6E+@4 2
1.6E+e4 2



TABLE 17 (Continued).

WEATNERINC  OF OIL IN A BflOKEIV lCE FIELD
AFTER lCE POOL WEATHERING FOR 2.400E+01  HOURS

OIL: PIWDHOE BAY, “ALASKA
TfIMPFAATUllE= 32.0 DKC  F, WIND s P E E D = i2.0 KN(YPS
SPILL SIZE= 9.195E+4)3  BABHELs
MASS-TRANSFER COEFFICIENT CODE= 2

FOR TIIE  OUTPUT THAT FOLLOWS, MOLES=CRAM  MOLES
(;MS=CRANS, YP=VAPOR PRESSURE IN ATMOSPHERES
NP=BOILINC  POINT  I N  DE(2 F ,  AP[=GRAVITY
MW=flOLKCULAH WEIC8T

11
12
13
14
13

MOLES
I .87E-Oi
:1. 11E+03
I  .:?lE+05
2.99E+65
:).~$jE+@~
2.90E+05
3.:m%+e5
;l.41E+@5
3.34tc+a5
I .74E+05
3.5aE+e5
3.41E+65
z.73E+@3
3.04E+4)5
9.42E+tt5

CMS
1.57E+91
2,9~E+05
1.38E+@7
3.46E+@7
4.39E+07
4.37E+07
5.5~Jj+(j7
6.31E+e?
6.69E+@7
3. 84E+@7
9.01E+97
9.S9E+07
8.S9E+@7
1.07E+08
S.6SE+00

S.9;;-02
2.06E-92
S.42E-03
1.24E-03
2.59E-64
4.81E-95
8.mE-e6
1.31E-06
1.95E-e7
2.[2E-e8
1.t7E-09
6.39E-11
3.03E-12
7.87E-i4
@.O@E+@@

MOUSSE CONS3ANTS: MOONEY= 6.20E-Ot,
K4=i.ooeE+el

BP
1.50E+02
1.99E+@2
2.35E+@2
2. 8@E+02
3%~5E+@2
3.70E+t)2
4.15E+@2
:.:;:;:;

5:34E+@2
6.09E+02
6.62E+62
7.12E+02
7.64E+02
8.50E+02

API
7.27E+01  g
6.42E+@I 93
5.fi7E+Oi 1 0 5
5016E+e! 119
4.76E+91 I:KI
4.52E+01  (36
4. ISE+OI  1 6 7
3.78E+oI 184
3.48E+@I 2(N3
3.06E+OI z~o
2.91E+0t 231
2.62E+QI 281
2040E+Oi  3i2
2.~5E+@l 351
1.14E+01 6 0 0

MAx H20= 0 . 7 0 ,  WIND**2= 1.oeE-e2

DISPFRSION  CONS7ANTS:  KA= l~@8i-01,  K B =  S.00E+91. S-TENSION=  a.o@E+@l
KC=1.000E+Ot

FRACTION OF ICE  COVER=6.600E-91
VIS C O N S T A N T S :  VIS23C=  3.30E+91, ANDRADE  = 9.00E+93, FRACT  = 1.05E+@I

FOR THE OUTPUT THAT FOLLOWS. TIME=FiOURS
BBL=HARRELS, SPCH=SPECIFIC  G R A V I T Y ,  AREA=M*M
TI{[CKNFNS=CM, W=PERCEIT7  WATER IN OIL (MOUSSE)
I}I”SP=DISPERS1ON  RATE IN CPIS/fl*WHR
ERATE=EVAPORTION  RATE [N CtlSdl*?4dtR
M/A=MASS PER H*M OF OIL IN THE SL[CK
I=FIRET C U T  W[TE GREATER  T H A N  1% ( M A S S )  REMAININC
J=FIRST CUT WITH CREATKJl THAN 30% (MASS) REMAININC
iwr 1 GOES  AWAY  IN lI!lMUTw, ‘rIJmEFORE  IT WAS DELETED AND TRE CUTS RENUMBERED

TIME BBL SPCR A R E A  T H I C K N E S S  W  DISP ERATE MIA
O  9.2E+03 0.89 7.9E+04 1.8E+69 O  7.6E+@l  @.OE+@@  1.6E+04 :
1  9.IE+03 0 . 8 9  1.IE+95 1.3E+Ot3
2 9.eE+e3 9 . 8 9  t.4E+es l.lE+ee
3  9.0E+03 @.89 1.6E+@5  9.2E-@l
4  8.9E+93 @.89  1.?E+@5  8.2E-@l
5 8,9E+@3  0 . 8 9  1.9E+@5  7.4E-ek
6 0.8E+@3  @.89 2.OE+@S  6.9E-@l
7  a.8E+@3  0 . 8 9  2.2E+@S  6.4E-91
8  8.7E+03 @.90 2.0E+@5  S.9E-@t
9 8.7E+@3  6.90 2.5E++35  3.6E-@l

1 0  a.6E+@3  ().90 2.6E+b3S S.3E-f3t
11 8.6E+03 0.90 2.7E+@5  S.lE-@l
1 2  8.5E+b33  0.99 2.8E+@S  4.8E-@i
1S 8.5E+@~  0.99 2.9E+05 4.6E-@i
1 4  U.5E+$33 @.9e 3.OE+eS 4.SE-et
1 6  B.4E+@3  0.9@ 3.lE+@S 4.3E-01
17 8.41L+H3 0.90 3.2E+(35 4.2E-@l

29 7.3E+@l
48 4.4E+@t
6e 2.8E+et
6 6  1.9E+el
6 9  1.5E+91
70 1.3E+el
7e 1.3E+el
7e 1.2E+01
7 0  1.2E+01
7 0  1.2E+01
70 l.lE+et
70 1.IE+431
7e l.iE+et
7e l.iE+Ol
7 0  l.oE+el
70 l.oE+el

2.SE+OI t.2E+04 1
2.3E+OI 9.5E+ea 1
2.lE+O1 8.2E+@3  I
1.9E+01  7.3E+e3 I
1.7E+ot 6.7E+ea I
1.5E+OI 6.1E+03  I
1.3E+OI 5.7E+93 2
1.2E+@i  5.3E+e3 2
I.lE+Ot 5.OE+On  2
9.6E+O@ 4.8E+@3  2
8.7E+oe 4.5E+e3 2
7.9E+tw 4.3E+e3 2
7.3E+oe 4.2E+e3 2
6.8E+@o  4.eE+e3 2
6.3E+O0 3.91i+Ofl  2
5.9E+ee 3.8E+e3 2



~BLE 17 (Continued).

18 8.3E+@3  0.90 3.3E+05
i9 8.i3E+03  9.99 3.4E+@5
29 8.3E+03 0.99 3.4E+06
21 8.2E+03 @.9@ 3.3E++JS
22 f$.2E+@3 @.9@ 3.6E+w3
23 [1.1E+93  0.90 3.7E+05
2 4  tJ.IE+03  @.99 3.7E+05
23 b.1E+03  $3.90 3.t3E+@5
26 [i.0E+03  0.99 3.9E+05
27 8.oE+e3  0.90 3.9E+e5
2 8  6.0E+93 @.9@ 4.@E+f3S
2 9  7.9E+@3 9.99 4.1E+95
31 7.9E+03 0 . 9 0  4.tE+@5
32 7.91L+03  0.99 4.2E+05
33 7.8E+$33 0.90 4.3E+65
34 7.flE+@3  $J.9@ 4.4E+@5
39 7.?fI+@3 @.9@ 4.4E+@5
37 7.7E+@3 0.90 4.5E+@5
38 7.7E+@3 0.90 4.5E+05
3 9  7.7E+03 0.99 4.6E+@5
48 ?.6E+03 @.99 4.6E+@S
4 1  i.6E+03  0.90 4.7E+05
4 2  7.6E+$33 @.90 4.7E+05
43 7.SE+03  0.90 4.8E+@5
4 4  i.5E+03 0 . 9 0  4.t3E+@5
4 S  7.3E+03 0.99 4.9E+65
4 6  7.5E+93 t$.9@  4.9E+05
4 7  7.4E+@3  $Y.9@ 5.0E+05
4 8  7.4E+93 @.9@ S.@E+@5
4 9  7.4E+03  0.90 5.lE+es
50 7.4E+@3 0.90 5.lE+OS
51 i.3E+03  0.90 5.2E+05
6 1  i.lE+@3 @.90  5.6E+@5
7 1  6.9E+@3  @.9@ S.9&+@5
8 1  6.7E+03 0.91 6.3E+0S
9 1  6.6E+@3  @.9i 6.6E+@5

4.liz-el
3. 9E-01
3.8E-01
3.7E-Ot
3, 6E-0 t
3. 5E-9t
3.5E-01
3. 4E-01
3.3E-01
3. 2E-Oi
3. 2E-0 I
3. IE-91
S.@E-@l
3. OE-01
2.9E-01
2. 8E-Q  i
2. 8E-@l
2 . 7 E - 0 1
2.7E-01
2.7E-01
2. 6E-el
2.6E-@t
2. SE-e 1
2. 3E-Ot
2.5E-91
2.4E-@l
2. 4E-@ 1
2 .4E-91
2. 3E-01
2. 3E-01
2.3E-01
2.3E-01
2.OE-01
1. 8E-0 t
I . 7E-Oi
1. 6E-01

70 9.8E+@9  5.SE+Oe  3.6E+03 3
7e 9.6E+08 s,x+ee 3.ml+03 3
70 9.4E+ee 4.9E+ee 3.4ic+e3 3
7e 9.2E+ee 4.6u+e0 3.3c+e3  n
70 9.@E+09  4.3E+QcJ 3.3E+e3 3
7e a.ac+ee 4.iE+oe 3.2E+e3 3
7e 8.6E+00 3.9E+ee 3.tE+e3 3
7e 8.4E+(N3 3.7E+W 3.eE+e3 3
7 0  8.2E+$M3 3.3E+ee 3.oE+ea 3
70 a.tm+ee 3.3E+ee 2.9K+e3 3
7e 7.8E+ee 3.iE+ee 2.9c+e3 3
7 0  7.6E+00 2.9E+$M3 2.8E+03 3
70 7.4E+08  2.8E+$M$ 2.7E+e3 3
7 0  7.aE+ee 2.6tz+0e 2,7E+ea 3
7e 7.IE+08 2.sE+ee 2.6E+03 3
70  6.9E+W3  2.4E+ee 2.6E+e3 3
70 6.8E+08 2.3E+W3 l?.5E+@3 3
70 6.6E+W 2.2E+W 2.SIC+03  3
7e 6.sE+ee 2.lE+Oe 2.4E+93 3
70 6.3E+09 2.OE+OO  2,4E+e3 n
7 0  6.2E+09 1.9E++39  2.4E+W3  3
70 6.tE+OO 1.8E++30  2.3E+e3 3
7e 6.eE+ee i.8E+oe 2.3E+e3 3
7e s.8E+ee t.7E+ee 2.3E+e3 3
7e 5.7E+e9 1.7E+ee  2.2E+e3 3
70 5.6E+09 1.6E+O0  2.2E+f)3 3
70  5.5E+99 1.6E+09  2.2E+@3  4
7e 5.4E+ee t.5E+ee 2.lE+e3 4
79 5.3E+ee t.5E+ee 2.1E+e3 4
70 5.2E+ee i.4E+ee 2.tE+e3 4
7e 5.~ic+ee t.4E+0e 2.1E+e3 4
7e 5.oE+ee  t.4E+ee 2.oE+e3 4
7 0  4.2E+00 1.IE+4M 1.8E+tXl  4
70 3.3E+00 8.4E-$li 1.7E+@3 4
70 3.@E+OO  6.8E-01. 1.5E+03 4
70 2,6E+00  5.fJE-01  1.4E+03 4

fi5



TABLE 17 (Continued).

OPEN oCEAN WEATHERING
AFTER :

ICE POOL MEATHER
BROKEN ICE FIELD

OIL :  PRUDHOE  BAY,  ALASKA
TEMPFmATURE= 4 0 . 6  DEC F
SPILL SIZE= 6.428E+03 B
MASS-TRANSFER COEFFICIENT

NC FOR 2.400E+@t HOURS
WEATHERINC FOR 1.00@E+02  HOURS

WIND SPEED= 20.0  KN(Y1’S .
RRELS

CODE= 2

FOR THE OUTPUT THAT FOLLOWS. MOLESS=GRAH MOLES
GMS=CIIAMS, VP=VAPOR PRESSURE IN ATMOSPHERES
I)P=BOILINC  P O I N T  I N  DEC F,  API=CRAVITY
MW=MOLECULAR WEIGHT

CUT MOLFS cm VP BP AP 1
1 4.4tiE-02 a.~~~+oo
Q

1.7?E-03 2.88E+@2  5.16E+01  iz
1.@4E+@4 1.4@E+@6 3.84E-@4 3.25E+@2  4.76E+@l 1 3 3

: 1.~6E+@5 1.9@E+@7 7.4b3E-@5 3.7@E+02  4,52E+@l ISO
4 ~.:]~E+@S 3.9m%+07 1.33E-05 4.15E+02 4.15E+61  1 6 7
5 2.62E+@5  4.84E+97 2.18E-06 4.60E+02 3.78E+91  1 8 4

2.60E+@5 5.2tE+@7 3.443E-9T
;

5.05E+@2  3.48E+@l we
1.36E+@5  3.@f)E+e7 3.86E-68 5.34E+W 3.06E+@I 229

8 2.79E+4M5  7.@3E+@7 2.29E-69
9 2.66E+@5 7.49E+@7

6.09E+02 2.9tE+0t 251
i.33E-10 6,62E+$)2  2.62E+01  281

10 ;.14E+433 6.7@E+07  ~.i’’~-;~ ;.~~~~~~ 2.40E+OI 312
11 -.:]7E+e5 8.34E+e7
12 7.35E+95  4.41E+@8  @:@@E+@@  8:WjE+02

2.2SE+91 351
1.14E+01 60e

IIIOUSSE CONS$3ANTS:  f100NEY= 6.20E-@l, M A X  H20= 0.70,  WIND**2=  1.00E-e3
DISPFXSION  CON!YTANTS:  KA= 1.08E-Oi,  KB= 5.OeE+OI. S-TENS[oN=  S.00E+OI
VIS C O N S T A N T S :  VIS25C=  3.WE+Ol, ANDRADE = 9.0c3E+$K3.  FEACT  = 1 .@5E+@l

FOR THE OUTPUT THAT FOLLOWS, TIME=liOURS
BBL=tlARRELS,  SPCR=SPECIFIC  CRAVITY,  AREA=M*H
THICKNESS=Cff,  w=PERCENT WATER [N OIL (MOUSSE)
DISP=D[SPERS1ON  RATE IN CMS/M*M/HR
ERATE=EVAPORT(ON RATE IN GMS/M*M/HR
M/A=llASS PER M*II OF OIL IN THE SLICK
[=FIR.ST CUT WITB CREATER THAN 1% ( M A S S )  REMAININC
J=FIRST CUT ki(TE GREATER THAN 50% (MASS) REMAINiNC

TIME BBL SPCR A R E A  T H I C K N E S S  W  DISP ERATE M/A 1
0  6.4E+@3  0 . 9 1  6.8E+05 i.5E-@l 70 3,5E+00 O,Oll+W 1.4E+03  I
1  6.4E+03 0 . 9 1  6.9E+435
2 6.4E+e3 0.91 7.@E+@5
3 6.4E+93 0 . 9 1  ?.lE+(N
4  6.3E+03 0.91 7.tE+@5
3 6.3E+03 e.9i 7.2e+05
6  6.3E+(M 0091  7.3E+e5
7  6.3E+@3  0.91 7.4E+@S
8  6.2E+@3  @.91 7.3E+0S
9  6.2E+e3 e.9t 7.5E+t35

11 6.2E+93 0,91 7.6E+t33
1 2  6.2E+03 9.91 7.7E+05
13 6.lE+03 0.9t 7.8E+6S
1 4  6.iE+e3 e.91 7.9E+e5
1 3  6.IE+03 6 . 9 1  7.9E+05
1 6  6.tE+e3 e.9t 8.0E+e5
17 6.lE+e3 8,91 8.lE+e5
1 8  6.0E+03 0 . 9 1  8.1E+95
i9 6.uE+e3 0.91 8.2E+e5
29  6.OE+@S  @.91 8.3E+@S
21 b.0E+$33 0 . 9 1  8.3E+@5
22 (>.oE++xi 0 . 9 1  8.4E+9!3
23 6.0E+03 0.9i 8.4E+$35

1. 5E-0 I
1. 5E-01
1 .4E-01
1. 4E-tll
I .4E-el
1 .4E-el
1. 4E-@t
1. 3E-et
1 .3E-et
1 .3E-el
1. 3E-ei
1. 3E-et
1. ~E-@l
1. 2E-el
1, 2E-el
! 9E-01
1 .2E-01
1, 2E-e 1
1. 2E-e I
t.iE-@l
1.111-01
1.lE-el

7e 3.4i2+oe l.ou+oe
7e s.4it+ee t.w+ee
70 3.3E+00 9.8tt-01
70 3.2E+oe 9.5E-el
70 3.2E+@0  9.2E-01
7e 3.lE+e8 8.9E-01
7e 3.iE+ee 8.6E-01
7e 3.eE+ee 8.4E-el
7e 2.9E+ee 8.lE-oI
7e 2.9E+oe 7.9E-et
70 2.8E+$30  7.6E-01
7e 2.8E+ee 7.4E-01
7e 2.7E+ee 7.3E-et
70 2.7E+88 7.lE-01
70 2.6E+80 6.9E-01
70 2.6E+$39 6.8E-01
70 2.5E+6e 6.6E-@l
79 2.5E+08 6.5it-01
7(3 2.SE+08 6.3E-t31
70 2.4E+80 6.2E-01
7e 2.4E+ee 6.IE-ol
7e 2.3E+oe 6.oE-ei

t.3E+ea 1
1.nE+e3 i
1.3E+e3 1
1.3E+en 1
1.nE+e3 1
1.2E+03 1
1.2E+03 1
1.2E+93  2
1.2E+e3  2
1.2E+03 2
i .2E+03 2
l.lE+ea 2
t.lE+03 2
1.lE+e3 2
1.lE+e3 2
1.iE+e3 2
1.tE+@3 2
1.1E+93  2
1.lE+03 2
1.oE+e3 2
1 .oE+e3 2
1.oE+e3 2

3
3
3
3
3
3
3
3
3
3
3
3
3



TABLE 17 (Continued).

25 5.9ti+w:3 W.yl J5.3E+e5
2 6  s.9E+@3  0.91 8.6E+@6
2 7  5.9E+tX3 0.91 8.7E+@s
2 9  3.9E+03 0.91 8.7E+es
30 3.8E+93 $3.91 8.aE+05
31 5.6E+03 0 . 9 1  8.9E+05
32 5.0E+93 0.91 8.9E+0!3
34 3.ilE+@3  0.91 9.@E+435
35 5.8E+03 0.91 9.lE+05
36 5.7E+@3  @.91 9.lE+O!i
37 5.7E+tXl e.91 9.2E+05
3 9  5.7E+63 @.91 9.3E+#5
40 5.7E+93 0.91 9.3E+95
41 5.7E+@3  0 . 9 1  9.4E+95
42 5.6E+4XI  $3.91 9.4E+@5
4 4  rl.6E+03 0.91 9.5E+@5
4 3  z.6E+@3  @.91 9.6E+@5
46 5.bE+@3  0.91 9.6E+fNi
4 7  5.6E+93 0 . 9 1  9.7E+9S
4 9  5.6E+03 0.91 9.7E+05
39 5.5E+$33 0 . 9 1  9.BE+9S
5 1  5.3E+03 0 . 9 1  9.8E+05
62 !5.4E+03  0.91 1.@E+@6
7 2  5.0E+93 0.91 1.lE+06
8 2  Z.2E+@3  0 . 9 1  1.lE+06
9 2  3.1E+03 0.91 1.lE+06

102 5.0E+63 9 . 9 1  1.2E+06
112 4.9E+93 @.91 1.2E+06
122 4.8E+93 0.9i i.2E+06
132 4.7E+03 0 . 9 1  1.3E+06
1 4 2  4.7E+03  $3.91 1.3E+06
152 4.bE+03 9.91 1.3E+96
162 4.3E+$33 0.91 1.3E+06
172 4.5E+@3 0 . 9 2  1.4E+06
1 8 2  4.4E+@3 @.92 i.4E+06
192 4.4E+93 9,92 1.4E+96
202 4.3E+03 @.92 1 .4E+616
212 4.3E+oi3  0.92 1..3E+O6
322 4.~E+@3  9.92 1 .5E+@6

232 4.2E+03  0 . 9 2  1 .3E+06

l.lE-Oi
l.lE-01
1.lE-91
1. iE-01
l.lE-01
I . OE-01
1 .@E-01
1. OE-01
1 .+3E-01
1 .OE-91
9. 9E-@2
9. 8E-e2
9. 7E-02
9. 6E-@2
9. 3E-02
:. ;:-:;

9: iE-@2
9. 211-e2
9.1 E-02
9. OE-02
8. 9E-@2
8. 3E-02
7. 8E-@2
7. 4E-02
7. OE-@2
6. 7E-92
6. 4E-e2
6. 2E-@2
5. 9E-e2
s . 7E-e2
s . 5E-e2
5. 4E-e2
s . ~E-02
3. eE-e2
4. 9ii-e2
4. 8E-@2
4. 6E-W
4. SE-@2
4. 4E-e2

70
70
7e
7e
7e
70
70
70
79
7e
7e
70

%
70
7 0

;;

%
7e
7e
7 e
7e
7e
7e
7e
7e
7e
7e
7e
7e
7e
70
7e
7e
7e
7e

x

2 .  3E+we
~.~E+@e
2. 2E+e0
~ . ~~+@g
2. I E+ee
2.1 E+OO
2. eE+ee
2. @E+OO
2. eE+ee
I . 9E+ee
I . 9E+ee
i. 9E+ee
1. 8E+ee
1. 8E+ee
1. 8E+ee
I. 7E+ee
1. 7E+08
1. 7E+ee
1. 6E+ee
1. 611+f3@
1. 6E+ee
1. 6E+ee
I . 4E+8@
1. 2E+08
!.IE+09
9. 4E-e 1
8.4E-f31
7. 6E-@l
6.9E-f3i
6.3E-ei
5.7E-ei
5.3E-ei
4 .8E-$31
4. 3E-el
4.lE-el
a . aE-e  1
3.6E-$31
3. 3E-el
n.lk-et
2.9E-el

5.8E-el 1.0E+93  2
3.7E-ei 9.9E+e2 2
S.SE-@l  9.8E+t$2 2
3.4E-el 9.7E+e2 2
3.3E-01 9.6E+@2  2
s.~~-ol 9.5E+@2  2
5.eE-el 9.4E+e2 2
4.9E-et 9.3E+e2 3
4.8E-01 9.2E+@2  3
4.7E-01 9.lE+e2 3
4.6E-@l  9.@E+i32 3
4.SE-@l 8.9E+432 3
4.4E-@l  8.8E+@2  3
4.3E-@l 8.7E+@2  3
4,2E-@l  8.7E+@2  3
4,tE-#31 8.6E+@2  3
4.lE-t31  8.5E+@2  3
4.OE-@l  8.4E+@2  3
3.9E-el 8.3E+92 3
3.8E-91 8.3E+@2  3
3.7E-@l 8.2E+@2  3
3.7E-el 8.lE+@2 3
3.lE-@l 7.6E+02 3
2.7E-@l 7.lE+@2 3
2.4E-91 6.8E+@2  3
2.lE-@l 6.4E+@2  3
1.9E-@l 6.lE+@2 3
1.7E-el 5.9E+e2 3
i.6E-@i S.6E+@2 4
1.5E-01 5.4E+e2 4
i.4E-et s.2E+e2 4
1.3E-01 5.lE+@2 4
1.2E-el 4.9E+e2 4
I.IE-01 4.7E+@2  4
l.oE-el 4.6E+e2 4
9.7E-e2 4.5E+e2 4
9.OE-@2  4.4E+@2  4
8.5E-@2 4..3E+@2 4
7.9E-02 4.2E+@2  4
7.3E-@2 4.1E+@2  4

4
4
4
4
4
4
4
4
4
4
4
4
4

:
4
4
4
4
4
4
4
4
4
4
s
5
s
5
5
s
3
5
3
5
5
s
3 ,
3
3
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output in Table 17 is essentially a condensed, self-contained, version of the

calculated results in Table 16.

Table 18 presents the results of the calculations of the input

parameters for the Mackay evaporation equation.

which is described in detail in Mackay (1982). The constraints required as

input to the Mackay model are calculated, if requested, using the TBP data

which are input to the ocean-ice oil-weathering code.

Page 68 represents the beginning of the results of a one-plate batch

distillation of Prudhoe Bay crude oil. The results of this distillation are

data for fraction distilled vs temperature as presented on Page 74. A linear

correlating of these data plus values for bulk oil density, bulk molar volume,

and mean Trouton’s Rule constant are all combined to give the final Mackay

evaporation model equation (all on Page 74).

Computer Installation/Access

Currently, the Ocean-Ice Oil-Weathering Code resides on a VAX 8650

computer at SAIC in San Diego, CA and has been delivered to the NOAA OCSEAP

office in Anchorage. Due to frequent changes in operating commands and

software upgrades, it is not practical to set up open access to the model.

Interested parties can call SAIC to obtain username, password, and code

execution information.
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TABLE 18. Illustration of Output From Ocean-Ice Oil-Weathering Code;
Mackay Parameter Calculations; Beginning of One-Plate
Batch Distillation Results Using TBP Data as Input.

%XX*’UYC%X*XX*XXX8  MACKAY PAILiHm  C A L C U L A T I O N S  ***WU%***$X*%*XXX*X

THE MACKAY EVAPORATION MODEL IS DESCIiIBED  IN
(MAtXCAY,i9W  )
THE FOLLOWING ARE THE RESULTS OF A CALCULATION OF THE
INPUT PAWMETUW  FOR THE flACKAY MODEL k“o$t  PRUDHOE BAY. AIASKA
AT X.20tiE+@t  DECREES F

SIMUIATED  ONE-PLATE BATCH DISTILLATION;

F TEMP  ( F ) Y sun
@.00eE+@O  2.918E+@2  1.00t3E+t10

“.

I MOLES? I

1 2.74@E+e4
2  3.14aE+@4
3 3.’3ti7E+t34
4  3.668E+94
s 3.4:?3E+@4
6  2.923E+04
7  3.304E+04
8  3.414E+94
9  3.349E+64

10 I .741E+94
Ii 3.’376E+04
1 2  3.412E+@4
13 2.74SE+94
1 4  3.@42E+e4

V P ( I )

8.lo7E+ee
4.309E+e0
2.37t3E+99
t.2e2E+ee
s.8!17E-@I
2t71@E-Ot
1.189E-01
40918E-02
1.937E-02
6.130E-@3
1.363E-03
2.932E-04
S.957E-6S
9.t28E-@6

2.33iE-@2 3%l%~;2 1
. . “,

I MOLES I VP(I)

1

a
9

10
11
12
13
14

1.734E+04
2.418E+e4
3.398E+64
3.414E+84
3.3131E+e4
2. 874E+94
3. 279E+84
3. 403E+04
3. 33SE+U4
1. 74eH84
3.S7SE+84
3.412E+94
2.74SE+04
3.042E+04

9.a79t+ee
5.681E+ee
3.ee2t+ee
1.5s2E+ee
7.762E-91
:.;94:-::

71~glE-02
2.94@E-@2
1.914E-02
2.381E-93
5.414E-04
1.166E-04
1.919E-05

Y ( I )

4.128E-91
2.685E-91
1.727E-91
8.197E-92
;.:;::-::

7:3@eE-t33
3.12@E-03
1.~g2E-@3
i.983E-94
yg-::

3:039E-06
S.16@E-07

Y Suu
. 000E+Oe

Y(I)

3.399E-el
2.687E-@l
1.99SE-01
1.@37E-01
s.e3eE-e2
:.:gg-::

4:793E-03
1.918E-93
3.449E-94
1.665E-94
3.614E-65
6.264E-96
1.142E-96

F TEHP ( F J Y sum
4.734E-(B2 3.29SE+92  1.@80E+08

1 MOLES I V P ( I ) Y ( l )

1 9.992E+es lo240E+91 2.SS9E-01
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TABLE 18 (Continued). Mackay Parameter Calculations; One-Plate
Batch Distillation Results.

a
3
4

:
7
8
9

10
11
Is
13
14

1.7@3E+e4
2.8@7E+@4
3.087E+@4
0.147E+04
2.8ME+@4
3.241E+04
3.3tXJE+@4
3m3:~f3E+e4
1.7:18E+e4
3.s7sE+@4
3.412E+04
2.74SF.+@4
3.e42E+@4

7.262E+O0
3.9~]E+9@
2.080E+@@
1.071E+09
5.287E-91
2.490E-91
I.llIE-01
4.730E-02
1.749E-02
4.5tlE-03
1.093E-03
2.517E-94
4.492C-86

2.SS4E-91
20~72E-gl
1.:125E-91
6.9S6E-@2
3.069E-92
1.666E-02
7.769E-93
3.259E-63
6.24SE-94
3.329E-04
7.698E-@5
1.427E-05
2.8alE-e6

F TEMP ( F ) Y sum
7.~~bE-@2 3.53a&+@2 1. eoeE+ee

[ MOLES [

S.olllt+es
t .0S8E+64
2. I:WE+04
2.662E+@4
2.91@E+@4
2.694E+94
3.179E+@k
3.33SE+94
3.315E+($4
1.7:16E+@4
3.373E+04
9.411E+04
2.74SE+@4
3.042E+@4

V P ( I )

1.597E+91
9,5:16E+W
5.272E+W
2.872E+W
1.s26E+ee
7.816E-01
3.831E-01
107f37E-01
7.964E-02
3.@89E-@2
9.l~3E-93
2.37@E-03
5.87tJE-04
1.148E-04

Y(l)

1.7S9E-91
2.2@6E-01
2.46SE-@l
1.672E-01
9.706E-@2
4.693E-@2
:.;:::-::

5:772E-@3
l,172E-03
7.127E-94
t.768E-@4
3.S28E-9S
7.632E-@6

F TEMP(F) Y SUM
9034~E-02 3.8WE+92 1.@N3E+O@

I HOLE2 1 VP(  I ) Y(l)

t 2.442E+03
2  S.586E+03
3  1.439E+94
4  2.125E+64
S 2.S73E+84
6  2.S24E+94
7  3.@76E+@4
8  3.W2E+W
9  3.2WE+04

te i.7:llE+e4
3.S79E+04

H 3.41eE+e4
13 2.745E+04
1 4  3.o*2E+e4

2.079E+Ol
1.266E+01
7.173E+09
4.@16E+09
2. 239E+c39
1.169E+W
5.966E-91
2.9tlE-91
1.339E-01
!5.S7SC-@2
1.81aE-e2
5.275E-03
1.412E-e3
3.1325E-64

!.179E-ei
t.643E-01
2.398E-@l
1.983E-91
1.315E-t3t
6.8S6E-@2
4.263E-02
2.233E-92
1.939E-62
2.24eE-e3
1.5@7E-@3
4.179E-@4
9.ee5E-wJ
2.i3aE-es

F TE?lPfF) Y  SUM
t,~fjtc-el 4.l17E+e2 1. 004E+O0
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~ABLE 18 (Continued). Mackay Parameter Calculations; One-Plate
Batch Distillation Results.

I MOLES I

1 a.5s4E+@3
2 2.646E+e3
3 8.239E+e3
4 I .32ec+e4
s 2.127E+e4

2.273E+94
: 2.91@E+94
8  3.211E+@4
9  3.246E+e4

le i.72eE+e4
it 3.562E+a4
12 3.4@8E+@4
13 2.744E+e4
1 4  3.042E+@4

VP(1)

2.7s9E+el
1.7itlE+et
9.98eE+ee
S.748E+@@
3.252E+ee
1.795E+ee
9.5+0E-el
4.873E-@l
2.3a9E-ei
i.e39E-et
3.66fJE-02
1.23sE-e2
3.588E-93
8.484E-04

Y ( I )

s.84eE-e2
1.126E-f3i
2.e42E-el
2.165E-@l
1.713E-el
t.OltE-ei
6.879E-@2
3.877E-e2
1.922E-@2
4.429E-@3
3.23tE-e3
1.e43E-e3
:.;::;-:;

.

F TEIIP ( F ) Y sun
1.556E-@l 4.437E+@2  1.8eeE+ee

I

1
2
3
4
3

;
8
9

te
11
1 2
1 3
14

MOLE9 1

6.865E+9t
1.t:llE+e3
4.014E+e3
9=~~3E+@3
I .579E+04
1 .917E+04
2.63eE+e4
3.@s6E+e4
3.165E+e4
1.7olE+e4
3.S47E+94
3.493E+94
2. ?43E+e4
3.e41E+e4

F

VP(I)

3.684M+el
2.341E+OI
1.396E+@l
8.~71E+@@
4.827E+ee
2.764E+ee
1.528E+ee
8.t62E-@l
4.197E-el
1.934E-01
7.364E-$32
2.687E-@2
9.159E-e3
2.392E-e3

TEMP[F)

Y(l)

6.796E-W3
7.e3tE-e2
i.487E-tlt
2.e32E-el
2.024E-el
1.4e7E-01
1.07sE-el
6.621E-@$2
3.527E-e2
8.734E-@3
6.934E-63
2.427E-e3
6.669E-t34
1.931E-e4

Y SUM
i.874E-@l 4.794E+92  l.OtiE~

I

1

:
4

:
7
8
9

le
11
1 2
13
i4

MOLES I

e.eoeg+ee
1.833E+@2
2.ee3E+e3
4.648E+e3
9.969E+@3
1.432E+84
2.~61E+@4
2.799E+84
3.e2eE+e4
1.663E+94
3.S14E+84
3.391E+e4
2.739E+84
3. 04eE+e4

V P ( [ )

4.794E+el
3.l12E+el
1.899E+@l
1.ls5E+el
6.931E+89
4.999E+88
2.347E+89
1.3@3E+89
6.983E-01
3.388E-et
i.383E-et
5.4i2E-e2
2.041E-e2
e+t~s~-ea

Y(I)

e.eeeE+ee
1.648E-@2
1.088E-el
1.534E-el
1.97sE-el
t.7e2E-et
1.517E-el
1.042E-tll
6.e29E-e2
i.61eE-e2
1.389E-@2
;.::::-::

S:323E-84

F TEMP(F) Y sun
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TABLE 18 (Continued). Mackay Parameter Calculations; One-Plate
Batch Distillation Results.

2.213E-01 S.t45E+02 t.ee9E+@@

I MOLE8 1

14

@.WOE+W
@.wOE+@@
5.399E+$M
Z.2V6E+93
3.~e7E+@3
9.468E+@3
1.749E+94
2.4~6E+04
2.784c+e4
1.394E+@4
3.4XlE+@4
3.:\66E+e4
2.7nlE+e4
3.o:17E+e4

V P ( I )

6.194E+01
4.teeE+@l
2.56@E+@I
1.595E+01
9.a?3E+0e
5.995E+@e
3.54SE+WI
2.e39E+ae
1.136E+0e
3.778E-el
2.S18E-@t
1.@!33E-el
4m26@E-@2
1.482E-02

Y ( [ )

e.eeeE+ee
e.eoeE+ee
4q~~E+2

].089E-@l
1.586E-@l
1.7S8E-@l
1.92eE-el
t.526E-fBt
9.79tE-e2
2.a!$5E-e2
:.;;:;-::

3:6e3E-e3
i.394E-e3

TEMP ( F )
2.57:E-el

Y mu
5.se6E+e2 t.eeeE+ee

I MOLES I

;
&
9

. t’e
11
12
13
14

o.OeeE+Oe
0.OWE+W)
0.0@0E+439
7.4@3E+W
2.W6E+W
5.e72E+ea
i.S67E+04
1.894E+@4
2.421E+@4
1, 482E+@4
3.3S8E+#
3.316E+@4
2.714E+@4
3.oaeE+@4

V P ( I )

7.910E+Ot
5.34eE+et
3.4e7E+el
2.173E+91
1.374E+el
a,6~2E+0@
s.2s2E+ee
3.123E+w
1.8elE+0e
9.S64E-@l
4.428E-el
i.97eE-et
8.512E-02
3.2e2E-02

Y(!)

e.oeeg+ee
e.eeefi+ee
e.Oeetz+ee
s.433E-e2
t.i3tE-el
1.477E-01
2.e7eE-et
1.998E-@t
t.472E-el
4.789E-e2
4.992E-e2
2.2e7E-e2
7.802E-93
3.2?7E-93

TEMP(F) Y  sun
2.96:E-4M S.878E+W l,eeeE+ee

I MOLES 1

I e.eaemee
2 e.eeeE+ee
3 e.@$NIE+w
4 9.394E+ee
5 9.t5eEte2
6 2.359E+Q33
7 6.341E+@3
0 i.276E+@4
9 i.91eE+e4

10 1 .301E+04
11 0.134E+@4
1~ :].~Q@E+@4
]3 2.67BE+94
t4 3.ed3~+e4

VP(I)

1.0eiE+e2
6.873E+Ot
4.476E+91
2.9~@E+gl
i.891E+01
t.219E+el
7.637E+09
4.681E+W
2. 786E+WI
1.s39E+ee
7.S32E-01
3.s49E-el
1.63eE-et
6.6@lE-@2

Y(I)

e.eeeiwe
e. eeeg+ee
e.we~+ee
I .et9E-e3
6.429E-e2
i.@69E-9!
1.799E-et
2.219E-el
1.977E-Ot
7.443E-e2
0.77eE-e2
4.24SE-62
1.621E-@2
7.391E-e3
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JABLE 18 (Continued). Mackay Parameter Calculations; One-Plate
Batch Distillation Results

TEMP(F)
3.38tE-@l  6.266E+02 l.;O;;%fJ

1 MOLES [

1 Q.weE+ee
2  O.OWE+@d
3 o.WOE+W
4 0.0$IOE+90
5  S.*M4E+91
6  9.216E+92
7  2.w2tE+93
8 iI.9@lE+03
9  1.234E+04

10 1 .V.K5E+@4
II 2.787E+04
1 2  3.039E+04
13 2.6e4E+94
14 2.97?E+94

VP(1)

t.~57E+e2
8. 782E+e  t
5.836E+01
3.89eE+el
2.579E+QJ1
1.7@7E+0t
1.098E+91
6.9~5E+gg
4.246E+0@
2.433E+09
1.2S4E+38
6.23@E-01
3.031E-01
1.317E-el

@.@@@E+08
e.eew+ee
@ . iMWE+OO
0. @00E+08
S.327E-93
6.492E-92
1.324E-el
1.973E-el
2.25eE-ei
1.e39E-el
1.443E-01
7.816E-92
3.25aE-e2
1.618E-02

TERP ( F I Y sun
3.83!E-W 6.670E+02 1.W8E+99

1 MOLES I VP(1) Y ( I )

1 e.oeewee
o.e*eE+ee
k3.eeeE+ae
0.0c)9E+@0
e.OoeE+ee
4.814E+81
I .14eE+ea
3.139E+@3
6.7&91Z+433
6.931E+03
2.241E+04
2.714E+94
2.4S8E+94
2.9eeE+e+

1.567E+92
1.l13E+e2
7ms4eE+e~
5.132E+el
3.48eE+el
2.361E+9!
1.538E+91
i.eieE+et
6.369E+%9
3.776E+0@
2.e42E+@e
1.@66E+e@
S.470E-@l
2.538E-ol

e.oOeE+ee
e.eeefc+ee
e.eew+ee
e.eeeE+ee
e.eefm+ee
S.278E-83
8.248E-92
1.467E-91
2.0@6E-@l
1.215E-el
2.125E-01
l,34slc-el
6.~44E-e~
3.417E-e2

TEHP(F? Y  Sufl
4.32:E-el 7.083E+02  l.O@@E+w

I MOLES 1

: :::%%%
3 @.@ME+@@
4  e.OeeE+ee
5  e.OeeE+e@
6  e.eueE+ee
7  3.@32E+el
8  t.13!lE+03
9  3.0!36E+03

10 3.617E+9S
1! I  .517E+fJ4
1 2  2.1’*21t+e4

V P ( I )

1.93aE+e2
1.395E+e2
9.6~9E+el
6.686E+0t
4.632E+01
3.219E+el
2.176E+91
1.447E+01
9.367E+e@
s.732E+ee
3.24ee+ee
1.77eE+et3

Y ( I )

e. eeeE+ee
e.eOeE+ee
e.wm+ee
e.eee~+ee
e.eeeE+ee
e.eOeE+ee
3.5efiE-ea
8.868E-92
1.519E-eI
t.~#E-Ot
2.608E-i31
2.9S8E-91
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I .J9E+e
1

I QJ+o3

0

o
o 0410E+t*$3
OOOOE+Of
o o.eg+eo
0

19
12
13
II10

I,
0

2

TABLE 18 (Continued). Mackay Parameter Calculations; End of One-Plate
Distillation; Heat of Vaporization and Trouton’s
Rule Calculations.

13 2.192E+c34 9.541E-01 t.llOE-01
1 4  2.742E+@b 4.705E-01 6.843d-@2

F TEMP f F ) Y SUM
4.05:lE-Ot 7.324E+92  t,00@E+OO

I MOLFS [ VP( [ )

2.380E+e2
1 ,745E+02
1.227E+92
a.688E+el
6.147E+01
4.374E+91
3.9~9E+91
2.066E+01
i.372E+Ol
8.634E+99
!S.107E+90
2.913E+06
1.646E+@@
8.6$J4E-01

Y ( I )

0.0@9E+ee
0.009E+00
@,eeeE+ee
@.009E+99
@.@@@E+@@
@.@@@E+@e
@.@@@E+ee
@.@@@E+@@
8.S94E-92
8.730E-92
2.5e3E-el
2.672E-et
1.79eE-el
1.3@2E-01

F TEMP(F) Y sun
3.413Z-91 8.c352E+92 1.000E+OO

[ MOLES I V P ( I )

0.0@0E+90
0.0@0E+09
0.eeeE+ee
e. eeeE+oe
0.O!)OE+w
0. 9+M3E+O0
O.OOOE+-
e.OeeE+ee
0. @eeE+ee
4.561E+W?
3.467E+93
7.e13E+e3
1 .094E+04
i .&M30E+@4

2.995E+92
2.23SE+fB2
1.603E+02
1.161E+e2
8.406E+9t
6.149E+91
4.36SE+9t
3.062E+@l
2.e91E+el
1.364E+@l
8.433E+ee
s.e3kiE+ee
2.995E+ee
1.666E+@e

DELTAH
1 1 .20:?E+94
2  1.324E+64
3  1.448E+fM
4 1.564E+@4
S  1.678E+44

; :::::::=
a 2.o19E+e4
9  2.e9aE+e4

DELTAH/TB
1.976E+OI
2.e4eE+ei
2.@86E+@l
2.l17E+el
2.14iE+ei
2.16eE+el
2.179E+01
2.197E+el
2.176E+@l

Y ( I )

e.eOeE+ee
e.eeeE+Oe
e.eea+eii
e.ooeE+ee
e.eeeE+ee
e.ooeE+ee
e.ooeE+ee
e.w3E+ee
e.oeeE+ee
4.612E-e2
2.168E-@l
2.62eE-el
2,429E-el
2.322E-el

wHERE :
DELTAH  IS THE ENTHALPY  OF V A P O R 1 Z A T I O R  IN BTU/LBMOLE
DELTAIWTB  IS TBE TROUTONS  RULE CONSTANT [N BTWLBFIOLE*DEC  R
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TABLE 18 (Continued). Mackay Parameter Calculations; Distillation
Curve Correlation; Bulk Oil Properties; Final
Mackay Evaporation Equation.

LEASI’ SQUARFS  OF B.P. VS. FRACTION EVAPORATED:

sLOPE : 9.699E+92 DEC WFIMTT’1ON  EVAPORATED
I N I T I A L  B . P . : 2.9t2E+02  DlU2 F
COIUIELATION C O E F F I C I E N T : 9.99tE-01

BULK OIL DENSITY: 8.B29E-91 CRA?S’CC
BULK MOLAR  VOLUHE  OF OIL: 2.940E+02  CCZMOLE
HUN TROUTONS  RULE CON~ANT: 2.t19E+01  BTU~LBllOLE*DW  R

AFTER  S(MPLIFICATIOR  AND CO?IBININO  TEMS.  TNE
MACKAY  EVAPORATION IIIODEL  BECOMESS

DELTA-F = DELTA-THErA * EW( 6.499E+W  - 2.324E-02 (  7.W2E+92  +  9.699E+92(F))

OR

DELTA-F  =  DELTA-mmA  * atP(  -t.ie3E+et  -  2.2s1E+e1(F)I
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APPENDIX A

CODE LISTING FOR OCEAN-ICE

OIL-WEATHERING MODEL

A-1



lee c
200
300
400
500
6ee
700
aee
9e0

i eee
1100
I zee
13e0
14ee
350e
16ee
f 7ee
18e@
19ee
20ee
2100
22ee
230e
2400
25ee
26ee
27ee
28ee
290e
3eee
31ee
32ee
33ee
340e
35ee
36ee
37ee
3800
39ee
4eee
41e0
42e0
43e0
44ee
45ee
46ee
47ee
48ee
49ee
5eee
5fee
52ee
53ee
54ee
55ee
56ee
57ee
58e0
59ee
6eee

***** OILICE.FOR  s****
I N C L U D E  ‘VARI.FOR’

THIS 15 THE OPEN-OCEAN OIL -WEATHERING CODE AND
THE  OIL P H A S E  I S  C O N S I D E R E D  W E L L - S T I R R E D  ALL T H E
T I M E .

T H I S  C O D E  A L S O  ALLOWS  FOR WEATHERING IN  THE PRESENCE OF
S E A  I C E .

ANOTHER OPTION AVAILABLE IN THIS CODE IS THE CALCULATION
OF THE INPUT PARAMETERS FOR THE MACKAY EVAPORATION
MODEL.

A U G U S T ,  1 9 8 6

GET YOUR OUTPUT FROM OILICE.OUT/FILE:FORTRAN
THE PLOT FILE IS OILICE.PLT
THE TYPE FILE IS OILICE.TYP/FILE:FORTRAN
THE MACKAY CONSTANTS GO INTO MACKAY.DAT

DIMENSION FMF(3@
1D A T A  (ANAMEL(l,J  ,J-1,5)\9PmJDH*,  JoE 6A”,*Y,  ALO,’ASKA  D

1 , ’
DATA (A;{MEL(2,JJ,J=l,5)/*COOK  ● , ” I N L E T ’ , ’ ,  A L A ’ ,  ’SKA  ●

1,’ ‘ /
DATA  (At4AMEL(3, J],J=l,5)j’wILM1 ‘,”NGT0f4*,  D, CAL’, ’lFORNP

1 , ‘ 1A ‘/
DATA (ANAMEL(4,J),J=I,5)/DMURBA0  .-N, ABS,IU  OHA*,’EI  “

1 , ’ ‘/
DATA  (ANAMEL(5,J),J=l,5)/’LAKE  ‘,*cHIcOO. OT, LO’, IUISIAD

1 , * N A
oATA (A;(MEL(6,J),J-1,5)/DLIGHT  ● ,’ D I E S ’ ,  ’ E L  CU’O’T  ‘,

1’
D A T A  A;iBL/27.,35.4,19.4,4@.5,54.  7,38.9/
DATA lTEML/9,7,94,99999,221,1/
D A T A  ISAMPL/71811,72@25,71852,99999 ,54862,2/
DATA NCTS/15,16,13,16,16,11/

FOR CRUDE OIL THE RESIDUUM CUT IS ASSIGNED A NORMAL
BOILING POINT OF .

OATA (T6L(l,J),J=l,3e)/15e.,19e.  , 2 3 5 .  ,28e. , 3 2 5 .  ,37e.
1,415.  ,46e. ,5e5. ,554. ,6e9. ,662.,712.,764.,85@.,15*8./

D A T A  (T6L(2,J),J=l,2e)/lle.,145  ., 19e. ,235.  ,28e. , 3 2 5 .
l,37@. ,415. ,468. ,5@5,  ,554 .,689, , 6 6 2 . , 7 1 2 . , 7 6 4 . , 8 5 ( 3 .
2,4*e./

D A T A  (T6L(3,J),J=l,2e)/195.,235  ,,28e. ,325. ,37e. ,415.
1,468. ,585. ,554. ,6@9.  ,662 .,712.,85@.,7*e./
O A T A  (TeL(4,J),J=?,2e)/lle.,145.  ,19e. ,235. ,28e. , 3 2 5 .

1,378.  ,415.  ,46e.  ,5i35. ,554. ,6@9.  ,662.,712.,764.,85@ .
2,4~e./

D A T A  (TsL(5,J),J=f,2e)/lle.,145.  ,19e. ,235.  ,28e. , 3 2 5 .
t,37@. ,415. ,46@. ,5@5.  ,554. ,6e9. , 6 6 2 . , 7 1 2 . , 7 6 4 . , 8 5 0 .
2,4~e./

D A T A  (TBL(6,J),J=l,ll)/313.,342  .  , 3 6 6 . , 3 9 5 . , 4 1 5 . , 4 3 8 . , 4 6 1  .
1 , 4 7 9 . , 5 8 1 . , 5 1 8 . , 5 3 8 . /

D A T A  (APIL(l,J),J=l,3@)/72.7,64.2  , 5 6 . 7 , 5 1  . 6 , 4 7 . 6 , 4 5 . 2
1 , 4 1 . 5 , 3 7 . 8 , 3 4 . 8 , 3 0 . 6 , 2 9 .  1 , 2 6 . 2 , 2 4 . , 2 2 . 5 , 1 1 . 4 , 1 5 * 0  . /

D A T A  (APIL(2,J),J=l,213)/89.2,77.  2,65. ,59.5,55.4,5@.8

A-2



6100
62@e
6300
64ee
6500
6600
6700
680@
6900
7000
71ee
7290
7300
7400
7500
7600
77ee
7aee
79ee
aeee
alee
82ee
83ee
a4ee
85ee
86ee
87ee
88ee
890e
9eee
91ee
92ee
93ee
94ee
95ee
960e
970e
98ee
99ee

I eeee
Ielee
1 e2ee
1 e3ee
~04ee
1 e5ee
f e6ee
1 e7ee
I e8ee
1 e9ee
1 leee
Illee
1 I 2ee
I  13ee
1 I 4ee
I 1 5ee
I 1 6ee
1 17ee
I l a c e
1 f9ee
12eee

c
c
c
c
c
c

c
c
c
c
c
c

:
c

E
3e

4e

s e

1 ,46.5,43.,39.6,37.,32.8,37 .3,28.7,26.6,25. ,11.6,4*e ./
D A T A  (APIL(3,J),J-l,2e)/68.6,58.  7,53.  ,4S.1 ,43.2 ,38.8

1 , 3 5 . 4 , 3 2 . 3 , 2 6 . 8 , 2 4 . 5 , 2 2  .3,2e.3,8.9,7*e./
D A T A  (APIL(4,J),J=l,2e)/96.7,86.  2 , 7 e . 6 , 6 2 . 3 , 5 5 . 7  , 5 1 . 6

1 , 4 8 . 5 , 4 5 .  6 , 4 3 .  ,4e. , 3 5 . 8 , 3 4 .  ,3e.,28.4,26.6,16.7,4*e./
D A T A  (APIL(5,J).J=l,2e)/92.4,81  .  , 6 8 . 9 , 6 2 . 1 , 5 7 . 2 , 5 2 . 5

1,48.8,45.2,4q  . 7 , 3 8 . 2 , 3 4 . 4 , 3 3 .  2,3e.6, 2 8 . 9 , 2 6  .l,f8. l,4*e ./
D A T A  (APIL(6,J),J=l,ll)/49.6,47 . 3 , 4 6 .  , 4 4 . , 3 8 . 6 , 3 8 . 8 , 3 7 . 2

1 , 3 5 . 4 , 3 3 . 9 , 3 3 . 1 , 3 2 . 2 /
D A T A  (VOLL(l,J),J=l,3e)/2.1,2.  6 , 3 . 5 ,  3 . 6 , 3 . 7 , 3 . 5 , 4 . 3 , 4 . 8

1 , 5 .  , 2 . 8 , 6 . 5 , 6 . 8 ,  6.e,7.4,36. 3,15*e./
OATA (v0LL(2,J),J-1,20)/2.4,2  . 5 , 5 . 9 , 6 .  1 , 5 . 1 , 5 . 2 . 4 . 9

1 , 5 . 1 , 5 . 2 , 5 . , 3 . 3 , 5 . 2 , 7 . , 4 .  2,4.2,25.6,4*e./
D A T A  (VOLL(3,J),J=l,2e)/2.3,2.4  , 2 . 4 , 2 .  5 , 2 . 8 , 3 . 6 , 4 . 4

1 , 5 . 3 , 4 . 7 , 6 . 3 , 4 . 1 , 5 . 5 , 5 3 .  3 , 7 * 0 . /
D A T A  (VOLL(4,J),J=l,2e)/1.7,2.9  , 4 . 9 , 6 .  , 6 . 8 , 6 . 5 , 5 . 7

1 , 5 . 6 , 6 . , 4 . 9 , 5 . 7 , 5 . 6 , 6 . 5 ,  6.,5.6,19.3,4*e./
D A T A  (VOLL(5,J),J=l,2e)/7.5,8.2,9  . 7 ,  1 1 . , 9 . 1 , 8 . 3 , 7 . 2

1 , 7 . 2 . 7 . 4 , 6 . 9 , 3 . 5 , 3 . , 1 . 6 ,  1.4,1.g,2.,4*e./
oATA (v0LL(6,J),J=l,lI)/4.78,9.57 ,9.e9,9.57,9.57,9 , 5 7

1 , 9 . 5 7 , 9 . 5 7 , 9 . 5 7 , 9 . 5 7 , 9 . 5 7 /

CIL, C2L, AND C4L ARE THE MOUSSE FORMATION CONSTANTS.
CIL IS THE VISCOSITY CONSTANT.
C2L IS THE INVERSE OF THE MAXIMUM WATER IN OIL WEIGHT
FRACTION. C4L IS THE WATER INCORPORATION RATE.

DATA CIL/e.62,e.62,e.63,e.64,e.65,e.65/
D A T A  C2L/1.42,3.33,1.43,5.,-l.,-l ./
O A T A  c4L/e.eel,O.eel,e.el,e.Oel  ,e.,e./

FOR THE DISPERSION PROCESS, KA IS THE CONSTANT IN THE
SEA SURFACE DISPERSION EQUATION, KB IS THE CONSTANT IN
THE DROPLET FRACTION EQUATION. STENL(6)  IS THE LIBRARY
OIL-WATER SURFACE TENSION IN DYNES/CM.

DATA KA.KB,STENL/e.le8,5e.,3@.,30.  ,3e.,30.,3e.,3e./
D A T A  VISZL/35.,35.,195.,15.,13.5,  11.5/
D A T A  MK3L/9eee.,9eee.,9eee.,9eee.  ,9eee.,3eee./
D A T A  MK4L/l@.5,7.4,15.3,1e.5,2.  ,2./
0PEN(UNIT=32.fi  le=’OILICE.OUT’  ,stotus=’new’)

[
OPEN UNIT=34, filo=*OILICE.PLT  ‘,status=’new’
OPEN UNIT=35,  file=’OILICE.TYP’  ,status=’now’ 1
IOU-32
I PU=34
I TY=35

FILL IN SOME LIBRARY IDENTIFICATIONS.

TYPE 2e
FORMAT(lX,’ENTER  THE NUMBER OF TBP CUTS TO BE CHARACTERIZED

1 ON 12’)
TYPE 3e
FORMAT(lX,’IF YOU HAVE NO INPUT DATA JUST ENTER 99’)
TYPE 4e
FORMAT(lX,’A  99 ENTRY WILL USE A LIBRARY EXAMPLE’)
ICODE=l
A C C E P T  5e, NCUTS

FORMAT(12]

A-3



12100
12200
12300
12400
125ee
126ee
127ee
128ee
I 29ee
13eee
131ee
I 32ee
I 33ee
I 3 4 e e
1 3 5 e e
136ee
137ee
138ee
I 39ee
14eee
141ee
142ee
I 43ee
1 44ee
I 4 5 e e
I 4 6 e e
147ee
I 4aee
149ee
I 5eee
151ee
I 52ee
I 53ee
154ee
155ee
I 56ee
157ee
15800
159ee
t seee
I 6e5e
1 6 e 7 5
161ee
162ee
I 63ee
I 6 4 e e
I 65ee
166ee
1 S?eo
16aee
1 6 9 e e
170ee
17~ee
172ee
1 7 3 e e
174ee
I 75ee
176ee
I 7 7 e e
I 78ee

:
c
c

:
c

6e

70
8e

9e

1 ee

lle

:
c
12e
13e

14e

150

151

16e

c
170
Ise

I 9e

2ee

LSWTCH=NCUTS

LSWTCH=99 IS USED TO INDICATE THAT A LIBRARY CRUDE WAS
CHOSEN .

IF(NCUTS.NE.99)  GO TO 120

USING A LIBRARY CRUDE.

I FLE=2
TYPE 60
FORMAT(lX, *CHOOSE A CRUDE ACCORDING TO:’)
DO 80 1=1,6
TYpE  7e. I,(ANAMEL(I,J  ,J=1,5)
FORMAT(lX,I1,’  =  ‘,5A5 1
CONTINUE
A C C E P T  90, IC
FORMAT(I1)

[1
APIB=APIBL  I C
ITEM-ITEML  IC
ISAMP=ISAMP1.(IC)
t4~~4~~CTS(IC)

D O  lee J=1,5
ANAME(J)=ANAMEL(  IC,J)
CONTINUE
TYpE  Ile, (ANAME(J),J=l  ,5)
FORMAT(/,lXo’YOU  CHOSE:  ‘,5A5)
GO TO 250

USER IS ENTERING THE CRUDE DATA OR READING HIS OWN FILE

TYPE 130
FORMAT(lX,’IS  THE CRUDE ON A FILE ?*)
IFLE=l
A C C E P T  14e,  ANS

FORMAT(A1)
IF(ANS.EQ.  ’N’) GO TO 170
TYPE 150
FORMAT(lX,’WHAT IS THE FILE NAME?’)
ACCEPT 151,FNAME
FORMAT(A19)
0PEN(UNIT=36,  filo=FNAME,STATUS=’OLD’)
I FLE-2

[1

R E A D  36,55e (ANAME(J),J=l  ,5)
R E A D  3 6 , 5 6 0  ITEM,ISAMP,NCUTS
R E A D  3 6 , 5 7 0  A P I B
D o  16e J=l,NcuTS
R E A D  ( 3 6 , 5 8 0 )  TB(J),API(J),VOL(J)
CONTINUE
GO TO 330

TYPE 180
FORMAT(lX,’ENTER  THE NAME OF THE CRUDE’)
AccEpT 19e, (ANAME(I),I=l  ,5)
FORMAT(IOA5)
TYPE 2ee
FORMAT(lX, ”ENTER AN IDENTIFICATION NUMBER

1 THIS CRUDE ON 15’)
A C C E P T  21e, IT E M  ‘

FOR

A-4



17900
18000
18109
18200
18300
1840%
18500
18600
18700
18800
18900
19000
19100
19200
I 930e
I 94ee
I 95e0
196ee
197ee
1980e
199ee
2eeee
2elee
2e2ee
2e3ee
2e4ee
2e5ee
2e6ee
2e7ee
2e80e
2e9ee
2 I eee
211ee
2 12ee
2130e
2 140e
215ee
216ee
217ee
2 18ee
2 19ee
22ee0
221ee
222ee
223ee
2240e
225ee
226ee
227ee
228ee
229ee
23eee
231ee
23200
2330e
234ee
235ee
236ee
237ee
238ee

21e FORMAT(I5)

2 2 e

2 3 e

2 4 e

c
c
c
2 5 e

c
c
c
c

2 6 e
c
c
c
27e

2 8 e

2 9 e

30e

c
c
c
31e

3 2 e

:
c
33e
3 4 e

35e
3 6 e

3 7 e
3 8 e
3 9 e

c
c

TYPE 22e “
FORMAT(lX,’ENTER A SAMPLE NUMBER ON 15’)
A C C E P T  21e, ISAMp
TYPE 230
FORMAT(lX,’ENTER THE BULK API GRAVITY’)
ACCEPT 280, AP16
TYPE 240
FORMAT(/,lX,’YOU  MUST ENTER THE TRUE BOILING POINT

1 CUT DATA STARTING’,/,lX,’WITH  THE MOST VOLATILE CUT
2 AND GOING TO THE BOTTOM OF THE BARREL’,/)

CALCULATE THE BULK DENSITY OF THE CRUDE AT 60/60.

l)cRuDE=141.5/(APIB+131  .5)
DCRUDE=O.  983*DCRUDE

TRANSFER CRUDE INPUT DATA TO THE VARIABLES USED IN
THE CALCULATIONS.

DO 320 I=l,NCUTS
G o  T o  (26e,31e),  I C O D E

T Y P E  2 7 0 ,  I

ENTER THE CRUDE CUT DATA.

FORMAT(lX, ‘ENTER THE BOILING POINT AT 1 ATM IN DEG F
1  FORCUT’,13)

ACCEPT 280, TBII)
FORMAT(FIO.0)
TYPE 290, I
FORMAT(lX,’ENTER API GRAVITY FOR CUT” ,13)
ACCEPT 280, API(I)
T Y P E  3ee, I
FORMAT(lX,’ENTER VOLUME PER CENT FOR CUT’ ,13)
ACCEPT 280, VOL(I)
GO To 32e

TRANSFER CRUDE CUT INPUT DATA FROM THE LIBRARY.

i%l%~!i?:l
CONTINUE

DISPLAY THE CUTS BACK TO THE USER.

TYPE 340
FORMAT(/,lX,”CUT’,5X,*TB’  , lOX, ’API  ’ ,8X,  ’VOL’)
D O  360 1=1.NCUTS
T Y P E  3 5 e ,  i,TB(i),ApI(I),vOL(I)
FORMAT(lX,  12,5X,F5.1,7X,F4.  1,6X,F5.1)
CONTINUE
TYPE 370
FORMAT(lX,’DO  YOU
ACCEPT 39e, ANS
FORMAT(Al)
IF(ANS.EQ.  ’N*) GO

ALLOW THE INPUT

WANT TO CHANGE

TO 47e

TO BE CHANGED.

ANY? ‘ )
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23900
24000
24100
24200
24300
24400
2450e
246ee
2470e
24a0e
249ee
250ee
251ee
252ee
253ee
25400
255ee
256ee
257ee
258ee
259e0
260ee
261 Oe
262ee
263ee
264ee
265e0
266ee
267ee
268e0
269ee
270ee
27100
272e0
273e0
2740e
275e0
276e@
277ee
278ee
279e0
28eee
28100
282ee
2825e
28275
283ee
284ee
285e0
2a60e
287ee
2a8ee
2a9ee
29eee
2910e
292ee
293ee
294ee
295ee
296@e

c

4 0 0

4ie

4 2 e

430

44e

45e

4 6 e

4 7 0

4 8 e

4 9 e
5ee

5 2 e

5 3 0
c
c
c

54e

541

5 5 e

56e

5 7 e

sae
59e

:
c

TYPE 4e0
FORMAT(lX,’ENTER THE CUT NUMBER TO SE CHANGECI  ON 12’)
ACCEPT 5e, N
TYPE 41e
FORMAT(lX,’ENTER  1 TO CHANGE TB, 2 FOR AP1, 3 FOR VOL%*)
ACCEPT 420,  IC
FORMAT(I1)
TYPE 43e

[
FORMAT lX,’ENTER  THE CHANGED DATA’)
G O  T O  44e,45@,46e),  IC
;~C~~T3;~6,  TB(N)

ACCEPT 280,  API(N)
GO TO 33e
ACCEPT 28e, VOL(N)
GO TO 330
D O  4ae I=2,NCUTS
[ M I - I - 1
IF(T8(I)  .LT.TB(IM1)) GO TO 490
CONTINUE
GO TO 51e
T Y P E  5ee, I,IM1
FORMAT(/,lX,’THE BOILING POINT OF CUT ‘,12

‘ IS LESS THAN CUT ‘,12,/,lX,’AND  THIS ORDER IS NOT
l ’ A c c e p t a b l e ,  s o  START OVER’,/)

GO TO-le

A L w A Y s  REN0RMAL12E  THE I N P U T  vOLUMEs To leez.

VTOTAL=O.
0 0  5 2 e  I=I,NCUTS
VTOTAL=VTOTAL+VOL(  1)
CONTINUE
0 0  53e [=f,NCUTS
VOL(I)=lfie.tVOL(I)/VTOTAL
CONTINUE

IF YOU READ IT IN, DO NOT RESAVE IT

IF(IFLE.EQ.2) GO TO 59e
TYPE 540
FORMAT(fX,’THIS  CRUDE WILL NOW SE WRITTEN TO A FILE. WHAT

1 WOULD YOU LIKE TO CALL IT?”)
ACCEPT 541,FNAME

FORMAT(Ale]
0PEN(UNIT=38,  fi)e=FNAME,STATUS=’NEW’  )

1

W R I T E  3 8 , 5 5 0 )  (ANAME(J),J=l  ,5)
FORMAT 5A5)
W R I T E  38,56e) ITEM, ISAMP,NCUTS
FORMAT 315)
W R I T E  38,57e) APIB
FORMAT 1X,F6.1)
DO 590 J=l,NCUTS

[
W R I T E  38,58e) TB(J  ,AP1(J),VOL(J)

1FORMAT 3(1x,1PE1Q.3  )
CONTINUE

NOW CHARACTERIZE THE PARENT OIL
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297ee
298ee
299ee
seeee
3ei0e
3e2ee
3e3ee
3e4ee
3e5ee
3e6ee
3e7ee
3e8ee
3e90e
31eee
311ee
312ee
3i3ee
314ee
315ee
316ee
317ee
318ee
319ee
32eee
321ee
322ee
323ee
324ee
325ee
326ee
327ee
328ee
329ee
33e00
331ee
332ee
333ee
334ee
335ee
336ee
337ee
338ee
339ee
34eee
341ee
342ee
343ee
344ee
3450e
34600
347ee
348e0
349ee
35eee
351ee
352ee
3530e
354ee
355ee
356ee

c
c
c

6@e

61e

6 2 e

63e

64e
c
c
c
c
c

6 5 0

c
c

c
c
c

c

CALL DOCHAR

CALCULATE THE INITIAL MASS, MOLES, DENSITY FOR EACH CUT

BBL=leee.
BM=e.159*8BL
TMOLES=e.
D O  6%0 I=l,NCUTS
AMASS=1582.XSPGR(  I)*BBL6VOL(I)
MOLES(I)=AMASS/MW(  I)
MOLS(I)=MOLES(  1)
TMOLES=TMOLES+MOLES (I)
RHO(I)=l%e*MOLES(I)/(BMtVOL(  I ) )
CONTINUE
WTMOLE=e.
D O  61e I=l,NCUTS
WTMOLE=WTMOLE+MW(  I)*MOLES(I)/TMOLES
CONTINUE
TYPE 62@
FORMAT(lX,’DO  YOU WANT THE MACKAY CONSTANTS?’)
ACCEPT 39e, ANS
IF(ANS.EQ.  ’N*) GO TO 650
TYPE 63e
FORMAT(lX,’AT  WHAT TEMPERATURE, DEG F?’)
ACCEPT 28e,TE
TE=TE+459.
CALL VPIF(TE,NC1)
0PEN(UNIT=4@,  file=’MACKAY.DAT’  ,STATUS=’NEW’)
TYPE 640
FORMAT(/,lX,’PLEASE  W A I T ’ )

SUBROUTINE MACK CALCULATES THE PARAMETERS NEEDED FOR INPUT
INTO THE EVAPORATION MODEL DEVELOPED BY DR. MACKAY
THIS DATA IS PUT INTO A FILE CALLED MACKAY.DAT

CALL MACK
CONTINUE

NZSWI=e  INDICATES THAT NO PREVIOUS WEATHERING HAS TAKEN
PLACE SO A NEW INITIAL OIL THICKNESS IS NEEDED.
NZSWI=l  INDICATES THAT PREVIOUS WEATHERING HAS TAKEN
PLACE SO THE PREVIOUS THICKNESS CAN BE CARRIED OVER

NZSWI=e

NIP=e  INDICATES ICE POOL WEATHERING HAS NOT TAKEN PLACE
NIP=l  INDICATES ICE POOL WEATHERING HAS TAKEN PLACE

NSI=e  INDICATES THAT BROKEN ICE FIELD WEATHERING HAS NOT
TAKEN PLACE
NBI=l INDICATES THAT BROKEN ICE FIELD WEATHERING HAS
TAKEN PLACE

N Ip=e
NBI=e

NG COUNTS THE NUMBER OF CUTS THAT HAVE BEEN WEATHERED AWAY

NG=e
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35700
35800
35900
36e0e
361ee
362@e
3630e
364ee
3650e
36600
3670%
36860
369ee
37e0e
37100
37200
37300
37400
375ee
376ee
377e0
378ee
379ee
38e0e
381ee
382ee
38300
38400
385ee
38600
3870e
388ee
3890e
39%00
39 I 00
3 9 2 0 0
3 9 3 0 0
394ee
395ee
3 9 6 0 0
397ee
398ee
399ee
4eeee
4elee
4e2ee
4e3ee
4e4ee
4e5ee
4e6ee
4e7ee
4e8ee
409ee
41eee
41 I ee
4 1 2 e e
413ee
4 1 4 0 0
4~5ee
4 1 6 e e

c
c
c

660

6 7 0

c
c
c

6 8 0
c

;
c

c
c
c
c

c
c
c

c

:
c
c

c

:
c

6 9 0

7ee

710

NOUIT=O  MEANS SLICK HAS
NQUIT=l  MEANS SLICK HAS

NQU 11=0
TYPE 660
FORMAT(IX,’DO  YOU WANT TO
ACCEPT 39e,ANS
IF(ANS.EQ.  ’N’) GO TO 4550
TYPE 67n

NOT DECREASED TO 10% OF ORIGINAL MOLES
D E C R E A S E D  T O  Iex of O RI G IN A L  MOLEs

WEATHER THIS OIL?’)

FORiAT(lX,’WHAT  IS THE SPILL SIZE IN BARRELS?’)
ACCEPT 28@,8BL

CALCULATE AND SAVE INITIAL MASSES FOR OVERALL MASS EALANCE

BM-.159*6BL
MOLSAV=@.
TMASAV=@.
DO 680 I=I,NCUTS
MASSAV(I)=1582  .*SPGR(I)XBBLXVOL(  I)
MLSAV(I)=MASSAV(  I ) / M W ( I )
MOLSAV=MOLSAV+MLSAV (I)
TMASAV=TMASAV+MASSAV( I)
CONTINUE

DELMAS  1S THE MASS OF CUTS THAT ARE DELETED BECAUSE THEY
EVAPORATE TOO QUICKLY

EVAPORATED

DELMAS=O.

TME IS THE TOTAL MASS EVAPORATED
TMD IS THE TOTAL MASS DISPERSED

TME=O .
TMD=O .

FE IS THE FRACTION (BASED ON MASS)

F E-e.

MOUSWI=e  INDICATES THAT MOUSSE FORMATION HAS
MOUSWI=l  INDICATES THAT MOUSSE FORMATION HAS
NEW MOUSSE CONSTANTS MUST MATCH THE EXISTING

MouswI=e

HOUMOU  IS THE
IN EFFECT

HOUMOU=O.
TYPE 690
FORMAT(lX,’WILL
ACCEPT 39f3,ANS
I F  (ANs.EQ.  IN*)
TYPE 7ee
FORMAT(lX,’WHEN
TYPE 710
FORMAT(IX,’WILL
ACCEPT 390,ANS
IF(ANS.EQ.  ’N’) GO TO 1660
TYPE 72e

NOT BEEN STARTED
STARTED SUCH THAT
CONDITIONS

NUMBER OF HOURS THAT MOUSSE FORMATION HAS BEEN

THE WEATHERING SCENARIO INCLUDE SEA ICE?’)

GO TO 3e6e

THE OIL REACHES THE OIL SURFACE,’)

IT WEATHER IN POOLS ON TOP OF THE ICE?”)
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417e@
41800
4 1 9 0 0
42eee
421 ee
422ee
423ee
424ee
425ee
4 2 6 0 0
427ee
42800
429ee
43eee
431ee
432ee
433ee
434ee
435ee
436ee
437ee
43aee
439ee
44eee
44iee
442ee
443ee
444ee
445ee
446ee
447e0
448ee
449ee
45eee
4s I ee
452ee
453ee
454ee
455ee
456ee
457ee
458ee
459ee
46eee
461ee
462ee
463ee
464ee
465ee
466ee
467ee
46aee
469ee
47eee
471ee
472ee
473ee
474ee
475ee
476ee

7 2 e

c
c
c
c

7 3 e

:
c

7 4 0

c
c
c

c
c
c
75e
7 6 e
7 7 e

78e

7 9 e

aee

c
c

:

ale

c
c
c

:

FORMAT(lX,’AT  WHAT TEMPERATURE. DEG F?’)
ACCEPT 28i?,XSAVE
SPRFAC=l  .
NIP-1
NCC1=NC1
TK=(XSAVE-32.  )/1.8+273.
XPRINT=XSAVE
XSAVE=XSAVE+459 .

SUBROUTINE VPIF CALCULATES THE VAPOR PRESSURE OF EACH CUT
AT A SPECIFIED TEMPERATURE

;;~~ ;;~F(XSAVE,NCCl)

FORMAT(IX,’FOR  HOW MANY HOURS?*)
ACCEPT 280,X2

NHIP IS THE NUMBER OF HOURS OF ICE POOL WEATHERING

NH I P9DX2
TYPE 740
FORMAT(iX,’HOW  DEEP WILL THE POOLS BE IN CM? TRY 2’)
ACCEPT 28%,2
NZSWI=l
2=2/1 ee

SET C2=-1. SINCE MOUSSE CANNOT BE FORMED

C2--1 .

SET STEN TO 1. TO AVOID DIVIDE BY ZERO PROBLEMS LATER

STEN=l.e
TYPE 770
FORMAT(IX,’ENTER  THE MASS-TRANSFER COEFFICIENT CODE: 1

1. 2 .  OR 3  WHERE:’)
TYPf  7 8 e
FORMAT(lX,’l=USER  SPECIFIED OVER-ALL MASS-TRANSFER COEF

lFICIENT’)
TYPE 790
FORMAT( lX,’2=CORRELATION  MASS-TRANSFER COEFFICIENT BY

1 MACKAY & MATSUGU’)
TYPE 800
FORMAT(lX,  ’3=INDIVIDUAL-PHASE  MASS-TRANSFER COEFFICIENTS*)
A C C E P T  4 2 e ,  K M T C

NOW ENTER THE WIND
AND METER/HOUR.

TYPE 81e
FORMAT(lX,’ENTER  THE
ACCEPT 280, WINDS

SPEED IN KNOTS AND CONVERT

WIND SPEED IN KNOTS’)

TO METER/SEC

NEVER LET THE WIND
SPEED DESTROYS THE
YIELD A ZERO MASS-TRANSFER COEFFICIENT.

SPEED DROP BELOW 2 KNOTS. A ZERO WIND
MASS-TRANSFER CALCULATION AND WILL

IF(WINDS.LT.2.)  W I N D S - 2 .
wINDMs=O.514*wINDs
WINDMH=1853.  ● WINDS
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47866
47900
4aeee
48tee
4 8 2 0 0
483ee
484ee
4a5ee
48600
487ee
4 8 8 0 0
4890e
49eee
49 I ee
492ee
493ee
494ee
49500
496ee
497ee
498@e
499ee
5eeee
se fee
5e2ee
5e3ee
5e4ee
5e5ee
506f39
5e7ee
5e8ee
5e9ee
51eee
5flee
512ee
5 I 3ee
5 I 4ee
515ee
5 1 6 e e
577ee
518ee
5 1 9 e e
52eee
521ee
522ee
523ee
524ee
525ee
526ee
527ee
szaee
529ee
53eee
531 ee
532ee
533ee
534ee
535ee
536ee

:
c
c
82e

c

:

83e
c
c
c

8 4 e

850
c
c
c
868
c

:
c
8 7 e

888
c

:

c
c
c

E
c
c

:

:
c
c
c

:
c

NOW CALCULATE THE INITIAL GRAM MOLES FOR EACH COMPONENT ‘O
GET THE INTEGRATION STARTED.

BM=8.159*8BL
TMOLES=8.
D O  830 I=l,NCUTS
AMASS=1582.  *SPGR(I)*BBL*VOL(  1)
MOLES(I)=AMASS/MW(  I)
MOLS(I)=MOLES(I)
TMOLES=TMOLES+MOLES ( I )

RHO IS THE DENSITY IN GM MOLES/CUBIC METER.

RHO(I)=10f3.*MOLES(I)/(BM*vOL(  I ) )
CONTINUE

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE

WTMOLE=8.
D O  84e I=I,NCUTS
WTMOLE=WTMOLE+MW(  I)*MOLES(I)/TMOLES
CONTINUE

[
W R I T E  IOU,859) WTMOLE
F O R M A T  /,lx,*MEAN M O L E C U L A R  WE IG H T  O F  T H E  C R U D E  - ‘,lpEle.3)

SET  SPREADING TO ZERO.

SPREAD=8.

CALCULATE AN AREA IN SAME WAY IT WILL BE CALCULATED
AS THE SLICK WEATHERS. z_THIcKNEss  I N  METERs.

VOLUM=9 .
D O  888 I=l,NCUTS
VOLUM-VOLUM+MOLES ( 1 ) / R H O ( I )
CONTINUE

CALCULATE THE INITIAL AREA AND DIAMETER.

AREA=VOLUM\Z
DIA=SQRT(AREA/e.785)

THE MASS-TRANSFER COEFFICIENT CAN BE CALCULATED ACCORDING TO:

1 . A USER-SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

2 . THE MASS-TRANSFER COEFFICIENT CORRELATION ACCORDING
T O  M A C K A Y  A N D  MATSUGU, 1973, CAN. J. CHE,  V51,
P434-439.

3 . INDIVIDUAL OIL- AND AIR-PHASE MASS-TRANSFER COEFFI-
CIENTS BASED ON SOME REAL ENVIRONMENTAL DATA SUCH
AS THAT OF LISS AND SLATER. SCALE THE AIR-PHASE
VALUE WITH RESPECT TO WIND SPEED ACCORDING TO
GARRATT,  1977, M O N T H L Y  W E A T H E R  REvIEw, vle5,
p915-92e.

TEMP IS R*T AND USED TO CHANGE THE UNITS ON THE MASS-
C TRANSFER COEFFICIENT.
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s37e0
53800
53900
s4e0e
54~ 00
54200
54300
54400
545e@
54600
54700
5480%
54900
55000
55100
55200
55300
554e@
55500
55600
55700
5580e
559ee
56eee
561ee
562ee
563ee
564e@
565e0
566e@
567ee
568ee
569ee
57eee
571ee
572ee
573ee
574ee
575ee
576ee
577ee
578ee
579ee
58eee
581ee
582ee
503ee
584ee
585ee
5a6ee
587ee
588e0
589ee
59eee
591ee
592ee
593ee
594ee
595ee
596ee

89e

c
c
c
9ee
91e

9 2 e

93e

c
c
c
c

9 4 e

c
c
c
9se
c

:
c
96e
c
c
c
9 7 e

9 8 e

99e

TEMP=(8.2E-e5)*TK
G O  T O  (9ee,95e,le4e), K M T C

USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

TYPE 91e
FORMAT(lX,’ENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT

1 ,  CM/HR,  T R Y  let)
A C C E P T  28e, UMTC
WR1TE(IOU,920)

{

FORMAT lH1,’DATA  FOR WEATHERING OF OIL IN POOLS ON ICE*)
W R I T E  IOU,93e) UMTC
FORMAT /,’OVER-ALL MASS-TRANSFER COEFFICIENT WAS USER

l - S P E C I F I E D  A T  ‘ , lPEle.3, * CM/HR BY INPUT CODE 1 ’ )

CONVERT CM/HR  TO GM-MOLES/(HR)(ATM)(M**2)  SINCE VAPOR
PRESSURE IS THE DRIVING FORCE FOR MASS TRANSFER.

uMTC=UMTC/TEMP/  100.
0 0  94e I=l,NC1
MTC(I)=UMTC
CONTINUE
GO TO l12e

USE THE MACKAY ANO MATSUGU MASS-TRANSFER COEFFICIENT.

TERMl=efl  e15*WINDMH**e.78

THE SLICK DOES NOT SPREAD, SO BASE THE DIAMETER DEPENDENCE
O N  leee M ET E RS  A N D  OIVIOE  TH E  R E S U L T  BY e.7

TERM2=e.65

KH INCLUDES THE SCHMIDT NUMBER FOR CUMENE.

KH=TERM1*TERM2
WRITE(IOU,98e)

{

F O R M A T  lH1,’WEATHERING  OF OIL IN POOLS ON TOP OF ICE’)
W R I T E  IOU,99e) K M T C
FORMAT /,lX.”OVER-ALL  MASS-TRANSFER COEFFICIENTS BY INPUT

1 CODE’ ;-12)

[
W R I T E  Iou,leee)  K H

leee FO R M A T  /,lx,*OvER–ALL  MAss-TRANsFER  C O E F F I C I E N T  F O R  CUMENE  = s
l,lPEle.3,’ M/HR’,/)

[
W R I T E  IOU,lele)

Iele FORMAT 3X,’CUT’,12X,’M/HR’,7X,’GM-MOLEs/(HR)  (ATM)(M**2)’)
D o  le3e I=l,Ncl

c
c THE MASS-TRANSFER COEFFICIENT IS CORRECTED FOR THE
c DIFFUSIVITY  OF COMPONENT I IN AIR. THE SQRT IS USED
c (I.E. LISS AND SLATER),  BUT THE 1/3 POWER COULD ALSO
c BE USED (I.E. THE SCHMIDT NUMBER).
c

MTCA(I)=KH*e.93*SQRT((Mw(I)+29.  ) / ’MW(I))
c
c MTC(I) IS THE OVER-ALL MASS-TRANSFER COEFFICIENT DIVIDED
c BY R*T. R=82.e6E-e6  (ATM)(M**3)/(G-MoLE)(DEG  K )
c

MTC(I)=MTCA(I  )/TEMP
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597ee
598e0
599ee
6e0ee
6el ee
6e2ee
60300
6e40e
6e5ee
6e6e0
6e7ee
6e8ee
6e90e
6 I eee
611ee
612ee
61300
6 I 4ee
61 see
616ee
617ee
618@0
619ee
62eee
621ee
622ee
623ee
6 2 4 e e
625ee
626ee
627ee
628ee
629ee
63eee
SSlee
632ee
633ee
634ee
635ee
636ee
637ee
638ee
639ee
64eee
641ee
642ee
643ee
644ee
645ee
646ee
647ee
648ee
649ee
65eee
651ee
652ee
653ee
654ee
65500
65S00

IW R I T E  Iou,le2e)  I,M7cA(I),MTc(I)
1020 FORMAT 2X, 13,2( 10X,lPE10.3))
1030 CONTINUE

GO TO 1120
c
c USER SPECIFIED INDIVIDUAL-PHASE MASS-TRANSFER
c COEFFICIENTS.
c
le4e TY P E  le5e
le5e FoRMAT(tx,  *ENTER  THE OIL-PHAsE  M A S S- T RA N SF E R  C O E F F I C I E N T

I IN  CM/HR,  T R Y  le*)
ACCEPT 280, KOIL
TYPE 1060

le6e FORMAT(lX,’ENTER  T H E  AIR-pHAsE  MAss-TRANsFER  c o e f f i c i e n t
I  IN c M / H R ,  T R Y  leee’)
ACCEPT 280, KAIR
TYPE 1070

1070 FORMAT(lX,’ENTER THE MOLECULAR WEIGHT OF THE COMPOUND
1 F O R  K- A IR  ABOVE, T R y  2ee’)
ACCEPT 280. DATAMW

c
c SCALE K-AIR ACCORDING TO WIND SPEED (GARRATT,  1977),
c SO THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
c G O E S  U P ,  I . E . , THE CONDUCTANCE INCREASES.
c

KAIR=KAIR*(l  .+0.089*WINDMS)
RKAIR=l./KAIR

c
c CALCULATE R*T IN ATM*CM**3/GM-MOLE
c

RT=82.06*TK
HTERM=WTMOLE/(DCRUDE*RT)
W R I T E  (Iou,99e)  K M T C

c
c WRITE THE USERS INPUT, WIND SPEED, AND HENRYS LAW

TERM TO THE OUTPUT.
:

le8e

1 e9e

llee

c
c

:

c

[
W R I T E  IOU, 1080) KAIR,KOIL,DATAMW
F O R M AT  /,lx,*K-AIR  ~ ‘,lpEle.3, *, ANO  K- O I L  = *,lpEle.3

1 , * CM/HR, BASED ON A MOLECULAR WEIGHT OF ‘,1PE19.3)

I

W R I T E  Iou,le9e)  WINDMS
F O R M A T  lX,’WIND SPEED = ‘ ,1PE1O.3, ’  M/S’ )
W R I T E  Iou,ilee)  HTERM
FORMAT lX,’THE HENRYS LAW CONVERSION TERM FOR OIL = ‘

l,lPE10.3,’  l / A T M ’ )
WRITE (IOU, lOlO)

CALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENT BASED
ON GAS-PHASE CONCENTRATIONS FOR EACH CUT.

D o  llle I-l,Nci

[1
HLAW I =HTERM*VP(I)
MTCA I =RKAIR+HLAW(I)/KOIL

NOW TAKE THE INVERSE TO OBTAIN CM/HR  AND THEN MULTIPLY
: B y  eel To GET M/HR.
c

MTCA(I)=O.01/MTCA(I)

: CORRECT FOR MOLECULAR WEIGHT ACCORDING TO LISS & SLATER,
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100
206
300
400
5e0
600
7ee
8ee
9ee

I eee
llee
I 2ee
13ee
I 4e0
lsee
16ee
1700
18ee
I 9e0
2000
2t0@
22ee
23ee
24@@
25ee
26ee
270e
28ee
29e0
3e00
31ee
32ee
33ee
340e
35e0
360e
37ee
38ee
390e
4ee0
41ee
42ee
43ee
44e0
45e0
46e0
470e
480e
49ee
5eee
51ee
S2EM
530e
54ee
55ee
5600
5700
58ee
59ee
6eee

1 9 7 4 ,  N A T U R E ,  V247, P181-184.
t

MTCA(I)=MTCA(I  )*sQRT(DATAm/m(  I))
MTC(I)=MTCA(  1)/TEMP

c
c AND WRITE THE OVER-ALL MASS-TRANSFER COEFFICIENT

IN M/HR  AND MOLE/HR*ATM*M*M.
:

WRITf  (Iou,f02e)  I,MTcA(I),MTc(I)
1110 cONTINUE
l12e sPGRB=141.5/(AP18+131.5)

MASS=e.  1582*BBL*SPGRB

[
w R I T E  Iou,l13e)  66L,MASs

1 1 3 0  FO R M AT /,Ix,oFOR  THIS  spILL  OF D,lpEIO.3,’  B A R R E L S ,  T H E
1 MASS IS ‘, ?PEle.3,’ METRIC TONNES’)

VOLUMB=VOLUM/e  .159

[
W R I T E  IOU,l140)  VOLUM,VOLUMB

l14e FORMAT /,lX,’VOLUME  FROM SUMMING THE CUTS = ‘,1PE8.1,’  M**3
1, OR ‘,lPEle.3.  ” BARRELS’)

I

GO TO l17e,l15e,l17e), K M T C
1 1 5 0  W R I T E  IOU,l160)  WINOS,WINDMH
l16e F O R M A T  /,lX,’WIND  SPEED = ‘ ,1PE1O.3 , ’  KNOTS,  OR ‘,lPEle.3

‘  M/HR’)
l17@  lWRITE  IOU,llSO)  OIA,AREA

[l18e F O R M A T  /,lx,*INITIAL SLICK D I A ME T ER  =  *,lpEle.3,’ M, O R  A R E A
1=’, lPE10.3,’  M**2’)

[
W R I T E  IOU,1198)

l19e FORMAT  [,lx, DIHIs sLIcK  D O E S  N O T  S P R E A D  F O R  T H I S  c a l c u l a t i o n * )
c
c CALCULATE THE KINEMATIC VISCOSITY OF THE CRUDE AT 122
c DEG F AND THE ENTERED ENVIRONMENTAL TEMPERATURE.
c USE THE VISCOSITY MIXING RULE OF (MOLE FRACTION]*(LOG).
c S E E  P A G E  4 6 e  O F  R E I D ,  PRAUSNITZ  &’SHERWOOD  IN ‘
c THE BOOK ‘THE PROPERTIES OF GASES AND LIQUIDS”
c
120e VISMIX=e.

DO 121e I=l,NCUTS
VISMIX=VISMIX+MOLES( I)*VLOGK(  1)/TMOLES

121e CONTINUE
vISMIX=EXP(VISMIX)

[
W R I T E  IOU;122e)  VISMIX

1220 FORMAT \,lX,’KINEMATIC  VISCOSITY OF THE BULK CRUOE
1 THE CUTS = ‘,1PE8.1,’ CENTISTOKES AT 122 DEG F’)

. . .

FROM

VISMIX=O.
c
c SCALE THE VISCOSITY WITH TEMPERATURE ACCORDING TO
c ANDRADE.
c

XSAVE=XSAVE+459  .
EXPT=EXP(1923.  *(1./XSAVE-@.0el72l  ))
DO 1230 I=l,NCUTS
VIS(I)=VISK(I)*EXPT
VLOG(I)=ALOG(VIS(I))
VISMIX=VISMIX+MOLES(  I]*VLOG(  1)/TMOLES

123e CONTINUE
xPRINT=32.
VISMIX=EXP(VISMIX)

[
wRITE  Iou,124e)  VISMIX,  XpRINT,EXPT

124e FORMAT /,lX, ‘KINEMATIC VISCOSITY OF THE BULK CRUDE FROM THE
1  C U T S  = ‘,1PE8. 1,’ AT T = ‘,@PF5.1,’  O E G  F ,  S C A L E
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610@
6 2 e e
63e0
64e0
65ee
660e
670e
680$3
6 9 e e
7eee
77ee
7 2 e e
73ee
74ee
7 5 e e
76e0
77e0
780e
7 9 e e
8eee
8100
8 2 e e
a3ee
8 4 e e
8 5 e e
8 6 e e
8 7 e e
88e0
8 9 e e
90ee
9~ee
92e0
93ee
9 4 e e
950e
9 6 e e
970e
9 8 e e
9 9 e e

I eeee
Ielee
I e2ee
I e 3 e e
I e4ee
I e 5 e e
1 e6ee
I e7ee
I e8ee
I e9e0
1 I e e e
11 lee
11200
I  13ee
1 14ee
1 15ee
1 16ee
I  17ee
1 I 8ee
1 f 9ee
12eee

c
c
c

:
c

:
c
c
c
c
c
c
c
c
c
c

1250

126e
127e

128e
129e

13ee

131e

:
c
132e

c
c
c
c
c
133e

T 34e

2 FACTOR = ‘,1PE8.1)

IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE
CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
VISCOSITY INFORMATION CALCULATED ABOVE IS NOT USED IN
THIS VERSION OF THE CODE. BUT IT COULD BE IF A GOOD
MIXING RULE IS EVER DETERMINED.
THEREFORE. FOR THE TIME BEING.  THE VISCOSITY OF THE WHOLE
WEATHERED”CRUDE IS CALCULATED-ACCORDING TO MACKAY.

NOW LOAD THE VISCOSITY INFORMATION IN THE FORM
OF THREE CONSTANTS:

THE VISCOSITY IN CP AT 25 D E G  C
;: THE ANDRADE-VISCOSITY-SCALING  CONSTANT

WITH RESPECT TO TEMPERATURE,  SEE  GOLD &
O G L E ,  1 9 6 9 ,  CHEM. ENG., J U L Y  1 4 ,  P121-123

3 . THE V ISCOSITY  AS AN EXPONENTIAL  FUNCTION OF
T H E  F R A C T I O N  O F  O I L  W E A T H E R E D

IF(LSWTCH.EQ.99)  G O  T O  1268
T Y P E  125e
FORMAT(lX,  SSINCE A LIBRARY CRUDE WAS NOT USED

1 , * ,\,lX,’ENTER  THE FOLLOWING THREE V ISCOSITY  CONSTANTS’ )
G O  T O  128e
T Y P E  1278
FORMAT(IX,’DO  YOU WANT TO ENTER NEW V ISCOSITY  CONSTANTS?’ )
A C C E P T  39C!, A N S
IF(ANS.EQ.  ’ N ’ )  G O  T O  132e
T Y P E  1 2 9 e
FORiAT(lX,’1. ENTER THE BULK CRUDE VISCOSITY

1 AT 25 DEG C,  CENTIPOISE,  TRY 35. ’ )
ACCEPT 28e, VISZ
TYPE 13ee
FORMAT(lX,’2. ENTER THE VISCOSITY TEMPERATURE SCALING

1 C O N S T A N T  (ANDRADE),  TRY 9eee.’)
ACCEPT 28e. MK3
T Y P E  131e -

FORMAT(lX,’3.  ENTER THE VISCOSITY-FRACTION-OIL
l-WEATHERED CONSTANT, TRY le.5*)
ACCEPT 28e, MK4
GO TO 133e

USE THE LIBRARY VISCOSITY DATA

VISZ=VISZL(IC)

[1
MK3=MK3L  Ic
MK4-MK4L  Ic

INSERT VISCOSITY CALCULATION ACCORDING TO MASS
FRACTION EVAPORATED. THIS IS THE VISCOSITY
MODIFICATION RELATIVE TO CUTVP1

vsLEAD=vIszcExP(MK3*(  1./TK-e.ee3357)  )

[
W R I T E  IOU,134e) V I S Z , M K 3 , M K 4 , V S L E A 0
FORMAT /,lX,’VISCOSITY  ACCORDING TO MASS EVAPORATED:

1 VIS25C  =’,1PE9.2,’,  ANDRADE =’,1PE9.2
2 , * , FRACT WEATHERED =’,1PE9.2’, VSLEAD =’,1PE9.2
3 , ’  C P ’ )
c2P=l./c2
W R I T E  (Iou,15ee)  CI,C2P,C4
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12t0e
12200
12300
12400
12500
12600
12700
I 280e
I 29ee
1 seee
~3iee
132ee
133ee
I 3 4 e e
135ee
136ee
137ee
1380e
139ee
14eee
141ee
i42ee
143ee
14400
I 4 5 0 e
146ee
147ee
I 48ee
14900
15e0e
1510e
1520e
153ee
1540e
15500
I 56ee
157ee
15aee
I 59ee
I 6eee
16100
162ee
163ee
164ee
I 65ee
16600
167ee
168e0
169ee
17eee
171ee
i 72ee
173ee
I 74ea
1 7 5 e 0
I 76ee
I 7 7 e e
I 78ee
I 79ee
I aeee

c
c
c

NEQ=NCUTS
FRACTS=O.

SPECIFY NO DISPERSION

[
1 3 5 0  W R I T E  IOU,1360) FRACTS
1368 F O R M A T  / , I X , ‘THE FRACTIONAL SLICK AREA SUBJECT TO

1  OISPERSION  I S  ‘,1PE8.1,’ PER HOUR’)
c
c P R I N T  E V E R Y  X P  T I M E  INcREMENT  (H O UR S ) .
c xl I S  T H E  S T A R T I N G  T I M E  =  e .
c X2 IS THE NUMBER OF HOURS FOR WEATHERING TO OCCUR.
c
137e XP=l.

xl=e.
MOLS(NCUTS+l  )=AREA

c
P R I N T  A N  ouTPuT  F I L E  F O R  8e COLuMN  O U T P U T, T H I S  Is
T H E  OILICE.TYP  FILE.

c
WRITE(ITY,1380)

1

138e F O R M A T  lx, IwEATHERING  oF  O I L  I N  PooLs  ON T o p  oF IcE*)
w R I T E  ITy,139e) (ANAME(J),J=l  ,5)

139e F O R M A T  /,lx,IoIL: ‘,5A5)
W R I T E  ITy,14ee) XPRINT,WINOS

1400 F O R M A T  l X , ’ T E M P E R A T U R E =  ‘.F5.1,’ DEG F, WIND SPEED= ‘
1,F5.1,’ KNOTS’ )

1

WRITE  ITY,141L!)  8BL
141e F O R M A T  IX, JSPILL  SIZE=  ‘,lpEle.3,’ 8ARRELs*)

W R I T E  ITY,1420)  K M T C
1420 FORMAT lX,’MASS-TRANSFER COEFFICIENT CODE=’, 1 3 )

W R I T E  ITY,1430)
1430 FORMAT /,lX, ‘FOR THE OUTPUT THAT FOLLOWS, MOLES

l=GRAM MoLEs’)

\

W R I T E  ITY,1440)
1448 F O R M A T  lX,’GMS=GRAMS, vp=vApoR  pREssuRE  I N  A t m o s p h e r e s ’ )

W R I T E  ITY.1450)

I1 4 5 0  F O R M A T  lX, ;BP=BOILING  POINT IN DEG F,  API -GRAVITY’ )
W R I T E  ITY,1460)

1460 FORMAT lX,’MW=MOLECULAR WEIGHT’)
W R I T E  ITY,1470)

147e F O R M A T  /,2x,scuT*,3x,’MoLEs’,  6x, *GMs*,8x,  *vp*,ax,98p’
I,7X.’API  ’ ,5X,  ’MW’)

D o  149e l=l,NCUTS-
GMS=MOLES(l)*MW(I)

IIMW-MW 1)’ “ ‘ ‘
W R I T E  ITY,1480)  I,MOLES( I),GMS,VP(I),TB(I)  ,API(I),IMW

1480 F O R M A T  3X, 12.5( 1X,1PE9.2).1X,13)
1490 CONTINUE “

.-

[
W R I T E  lTy,15ee) c1,c2P,c4

15ee FoRMAT /,lX,IMOUSSE  CONSTANTS: MooNEy=’,1PE9.2
1 , ’ , M A X  H20=’,0PF5.2,’,  WIND*02=’ ,1PE9.2)

[
W R I T E  I T Y , 1 5 1 O )  KA,KB,STEN

1510 FORMAT lX,’DISPERSION  CONSTANTS: KA=’,1PE9.2
1,’, KB=*,1pE9.2.’. S-TENSION=’  .1PE9.2)

[
W RI TE  IiY,152ej QIs2.MK3,MK4  -  ‘

152e FO R M AT  lx,’vIs cONsTANTs:  vIs25c=’,lPE9.2
1 , ’ , A N D R A D E  =’,1PE9.2,’,  FRACT  =“

[

,1PE9.2)
W R I T E  ITY,1530)

1530 FORMAT /,lX,’FOR  THE OUTPUT THAT FOLLOWS, TIME-HOURS’)
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MbIIE IiAJ2$)
E.OV± JX.DIab-
M1iE IiA'1eo)

AI lM7PJ (08er.vTI 3TIW 
AMA\M 1xr TAMROR 

(eeeI..rrl TIW 
5III-I,Xt TAMIO 

18100
18200
18300
18400
18500
18600
1870e
1 Ssee
I 89ee
I 9eee
1910e
192e0
I 93ee
I 94ee
I 95ee
196e0
I 97ee
198e@
199ee
2eeee
2elee
2e2ee
2e3ee
2e4ee
2e5ee
2e6ee
2e7ee
2e8ee
2e9ee
21 eee
2~lee
212ee
213ee
214e0
215ee
2 16ee
217ee
21 see
219ee
22eee
221e0
222ee
223ee
224ee
225ee
226ee
227ee
2280e
229ee
23eee
231ee
232ee
233ee
2340e
235ee
236ee
237ee
238ee
239ee
24eee

1540

155e

156e

157e

158e

I 59e

16ee

161e

162e
163e

1640
c
c
c

c
c
c

165e

:
c
c

1668
167e

:
c
c
c

1680

\

w R I T E  ITY,154EI)
F O R M A T  lX,’BBL=BARRELS,  SPGR=SPECIFIC  GRAVITY, AREA=M*M’)
W R I T E  ITY,1550)
FORMAT lX,’THICKNESS=CM,  W-PERCENT WATER IN OIL (

lMOUSSE)’)

DISPERSION RATE IN GMS/M*M/HR’)

EVAPORTION RATE IN GMS/M*M/HR’)

SS PER M*M OF OIL IN THE SLICK’)

T CUT WITH GREATER THAN 1% (MASS)
1 REMAINING’)

[
W R I T E  ITY,1698)
FORMAT lX,’J=FIRST  CUT WITH GREATER THAN Se% (MASS)

1 REMAINING’)

[

W R I T E  ITY,i618)
FORMAT lX,’DISPERSION  WAS TURNED OFF’)
W R I T E  ITY,1620)
FORMAT lX,’SPREADING  WAS TURNED OFF’)
TCODE=KMTC
TYPE 1648
FORMAT(/,lX,’PLEASE  W A I T ’ )

SUBROUTINE BRKG4 DOES THE INTEGRATION

CALL BRKG4(MOLS,X1,X2,XP,NEQ,NDEL)

ND IS THE NUMBER OF CUTS THAT WEATHERED COMPLETELY AWAY

ND-8
DO 1650 I=l,NEQ
IF (YM(I).NE.9.)  G O  T O  1650
ND-ND+  1
CONTINUE

NDEL IS THE NUMBER OF CUTS THAT WERE DELETED BECAUSE THEY
EVAPORATE TO QUICKLY

NEW+JDEL+ND

IF(NQUIT.EQ.1)  GO TO 4468
TYPE 1678 ‘
FORMAT(lX,’WILL  THE OIL NOW WEATHER IN THE BROKEN ICE  FIELD?’)
ACCEPT 399,ANS
IF(NIP.EQ,8) GO TO 1718
Tv=e .

NOW CALCULATE NEW VALUES FOR VOLUME PERCENT FOR EACH
CUT AND SHIFT THE ARRAYS FOR VOLUME PERCENT, BOILING POINT,
AND API TO ELIMINATE CUTS THAT ARE GONE

D O  1688 I=l,NEQ-ND

[1

Tv=Tv+(yM  ND+I ● YMsAvE(ND+I /spGR(NEw+I))
1VOL(I)=YM  ND+I ● MOLES(NEW+I ● MW(NEW+I)/(SPGR(NEW+I)

1*(BSL*1582.))
TB(I)=TB(NEW+I)
API(I)=API(NEW+I)
CONTINUE
B8L=TV/1582130.
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241@@
2420e
2430e
244ee
245ee
246ee
247ee
24aee
249ee
25eee
251ee
252ee
253e0
254ee
255ee
256ee
257ee
258ee
259ee
26eee
261ee
262ee
263ee
264ee
265ee
266ee
267ee
268%e
269e0
27eee
271ee
272ee
273ee
274ee
275ee
276ee
277ee
278ee
279ee
28e0e
281ee
282ee
283ee
284ee
285ee
286ee
287ee
288ee
289ee
29ee0
291ee
292ee
293ee
294ee
295ee
296ee
297ee
298ee
299ee
300e0

c

:

169e

17ee

171e

f72e

c
c
c

173e

174e

c
c
c
c
c
c
c

175e

176e

177e
178e

:

NCUTS=NCUTS-(ND+NDEL)
NEQ-NCUTS

ALWAYS RENORMALIZE  THE INPUT VOLUMES TO lee%.

VTOTAL=e.
DO 169e I=l,NCUTS
VTOTAL=VTOTAL+VOL( I)
CONTINUE
D o  17ee I=l,NCUTS
VOL(I)=lee.*VOL(I)/VTOTAL
CONTINUE
Is-e
APISWI=l
CALL DOCHAR
IF(ANS.EQ.  ’N’) GO TO 3e6e
NG,NG+NEW
NSI=l
TYPE 172e
FORMAT(lX,’FOR  HOW MANY HOURS?’)
ACCEPT 28e,X2

NHBI IS THE NUMBER OF HOURS OF BROKEN ICE FIELD WEATHERING

NHBI=X2
TYPE 1730
FORMAT(IX,  ”AT WHAT TEMPERATURE, DEG F?’)
ACCEPT 28e,XSAVE
TYPE 174e
FORMAT(lX,’ENTER  THE FRACTION OF ICE COVER, 1.E. e.7’)
ACCEPT 28e,FRACIC
TK=(xsAvE-32.  )/1.8+273.
XPRINT=XSAVE
XSAVE=XSAVE+459 .
NCC1=NC1
CALL VPIF(XSAVE,NCC1)
TEMP=(8.2E-e5)*TK
FACMOU=l.

THE FUNCTIONAL DEPENDENCE OF MOUSSE FORMATION RATE WITH
FRACTION OF ICE COVER IS NOT KNOWN. FOR NOW THE VARIABLE
FACMOU  WILL BE THE FACTOR WHICH WILL DETERMINE THE
AMOUNT OF INCREASE OF FORMATION RATE. IF MOUSSE
CONSTANTS ARE NOT INPUT BY THE USER, FACMOU=le

IF(LSWTCH.EQ.99)  GO TO 177e
T Y P E  175e
FORMAT(lX,’SINCE  YOU DID NOT USE A LIBRARY CRUDE,’)
TYPE 1760
FORMAT(lX,’YOU  MUST ENTER THE FOLLOWING FOUR MOUSSE

1 FORMATION CONSTANTS”)
GO TO 179e
TYPE 178e
FORMAT(lX,’DO  YOU WANT TO ENTER NEW MOUSSE FORMATION CONS

lTANTS?’)
A C C E P T  39e, ANS

IF(ANS.EQ.  ’N’) GO TO 186e

T o  spEcIFY  N O  MOUssE,  E N T E R  c 2  =  e
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30100
3 0 2 0 0
3 0 3 0 0
30400
3e5e@
30600
3 0 7 0 0
3 0 8 0 0
3 0 9 0 0
3fe0e
3 1 1 0 0
31200
313@e
31400
3 1 5 0 0
3 1 6 0 0
3 1 7 e e
31800
3190e
320ee
321ee
322ee
323ee
324ee
325ee
326ee
327ee
328ee
329ee
33eee
33iee
332ee
333ee
334ee
335ee
336ee
337ee
338ee
339ee
34eee
341ee
342ee
343ee
344ee
345ee
346ee
347ee
348ee
349ee
35eee
351ee
352ee
353ee
354ee
355ee
356ee
357ee
358ee
359ee
36eee

1 7 9 0  T Y P E  lsee
18ee FCIRMAT(lX,’1. ENTER THE MAXIMUM WEIGHT FRACTION WATER

1  I N  O I L ’ )
ACCEPT 28e, C2
IF(C2.GT.e.  ) GO TO 182e

c
c SET C2=-I. IF A MOUSSE CANNOT BE FORMED AND LOOP OUT.
c

C2=-1 .
TYPE 181e

181e FoRMAT(/,lx,*sINcE  A e% W A T E R  C O N T E N T  w A s  S P E C I F I E D
1, THE REMAINING THREE MOUSSE’,/,lX,’CONSTANTS ARE NOT
2 NEEDED’)

GO TO 187e
1 6 2 e  c2=l./c2

TYPE 183e
183e FORMAT(lX,’2.  ENTER THE MOUSSE-VISCOSITY CONSTANT

1,  TRY e.65’)
ACCEPT 28e. Cl
TYPE 184e

184e FORMAT(lX,’3.  ENTER THE WATER INCORPORATION RATE CONSTANT
1, T R Y  e.eel*)

ACCEPT 280, C4
TYPE 185e

185e FORMAT(lX, ‘4. ENTER THE BROKEN ICE FIELD MULTIPLIER FOR MOUSSE
1 FORMATION’)
ACCEPT 28e,FACMOU
GO TO 187e

{1

186e C1=CIL  IC
c2=c2L Ic
c4=c4L Ic
FACMOU=le.

187e CONTINUE
C4=C4*I=ACMOU
IF(LSWTCH.EQ.99)  G O  T o  190e
TYPE 188e

188e FORMAT(/,lX,’YOU  MUST ALSO ENTER AN OIL-WATER SURFACE
1 T E N S I O N  (DYNEs/cM’)

TYPE 189e
189e FORMAT(lX,’FOR  D I S P E R S I O N,  T R Y  3e.’)

GO TO 193e
19ee T Y P E  191e
191e FORMAT(lX,  *DO Y o u  W A N T  T o  E N T E R  A NEW  O IL- W AT E R  suRFAcE

1 TENsIoN  (OYNEs/cM)?’)
ACCEPT 396
IF(ANS.EQ.
TYPE 192e

1 9 2 e  FORMAT(lX,
193e ACCEPT 28e

GO TO 195e
1 9 4 e  STEN=STENL
G

START THI
:
195e T Y P E  196e

ANS-  - -

N’)  GO TO 194e

TRY 3e.’)
STEN

IC)

MASS-TRANSFER COEFFICIENT SPECIFICATION.

196e FORMAT(lX,’ENTER  THE MASS-TRANSFER COEFFICIENT COOE:  1
1 , 2 ,  OR 3  WHERE:’)

TYPE 197e
1 9 7 e  FORMAT(lX, *l=USER SPECIFIED OVER-ALL MASS-TRANSFER COEF

lFICIENT’)
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3sle0
362ee
36300
36400
36500
3660e
3 6 7 0 0
368ee
36900
37e0e
37 I ee
372ee
373@@
374e0
375ee
376ee
377ee
378ee
3 7 9 0 0
38e0@
381 ee
38200
383ee
384ee
385ee
386ee
3870e
388ee
389ee
39eee
391ee
392ee
393ee
3 9 4 0 0
395ee
396ee
397ee
398ee
399ee
4eeee
4e~ ee
4e20e
4e3e0
4e4ee
4e5ee
406ee
4e7ee
4e8ee
4e9ee
41eee
4110e
4 I 20e
4 1 3 e e
4 1 4 e e
4f5ee
4160e
4 1 7 e e
4 I 8ee
4t 9ee
42e0e

1980

199e

c
c
c
c

zeee

c
c
c
c
c

c

:
c
zele

c

:

2 e 2 e
c
c
c

2e3e

2e4e
c
c
c
2 e 5 e

zfime

c
c
c
c

fYrri 19tiw

FORMAT(IX,  ’2=CORRELATION  MASS-TRANSFER COEFFICIENT BY
1 MACKAY & MATSUGU’)

TYPE 199e
FORMAT(lX, ’3=INDIVIDUAL-PHASE MASS-TRANSFER COEFFICIENTS’)
A C C E P T  4 2 e ,  K M T C

NOW ENTER THE WIND SPEED IN KNOTS AND CONVERT TO METER/SEC
ANO METER/HOUR.

TYPE zeee
FORMAT(lX,  *ENTER THE WIND SPEED IN KNOTS’)
ACCEPT 28e, WINDS

NEVER LET THE WIND SPEED DROP BELOW 2 KNOTS. A ZERO WIND
SPEED DESTROYS THE MASS-TRANSFER CALCULATION AND WILL
YIELD A ZERO MASS-TRANSFER COEFFICIENT.

IF(WINDSoLT.2.)  WINDS-2.
WINDMS=e.514*WINDS
WINDMH=1853.  *WINDS

NOW CALCULATE THE INITIAL GRAM MOLES FOR EACH COMPONENT TO
GET THE INTEGRATION STARTED.

8M-e.159*BBL
TMOLES=e.
DO 2e2e I=I,NCUTS
AMASS=”1582. *SPGR( I)*BBL*VOL(I)
MOLES(I)=AMASS/MW(  1)
MOLS(I)=MOLES(  1)
TMOLES=TMOLES+MOLES( I)

RHO IS THE DENSITY IN GM MOLES/CUBiC  METER.

RHO(I)=lee.*MOLES(I)/(BM*VOL(  I ) )
CONTINUE

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE

WTMOLE=e.
D O  2 e 3 e  I=l,NcuTs
WTMOLE=WTMOLE+MW(  I)*MOLES(I)/TMOLES
CONTINUE

[
W R I T E  Iou,2e4e) WTMOLE
F O R M A T  /,lx,*MEAN MOLEcULAR WE IG H T  O F  T H E  C R U D E  - 9,1pE10.3)

SPECIFY SLICK SPREAOING.

SPREAD=e.
TYPE 2e6e
FORMAT(lX,’DO  YOU WANT THE SLICK TO SPREAD?’)
ACCEPT 39e, ANs
IF(ANS.EQ.  ’N’) GO TO 2e7e
SPREAD-I.
GO TO zlee

CALCULATE AN AREA IN SAME WAY IT WILL BE CALCULATED
AS THE SLICK WEATHERS. z=THIcKNEss  I N  METERs.
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+Zl Uu
422ee
423e0
4240e
425ee
426ee
427ee
4 2 8 0 0
429ee
430ee
43 I ee
432ee
4330e
434ee
43500
436ee
437ee
438ee
439ee
44eee
44~ee
442ee
443ee
444ee
445ee
446ee
4 4 7 e e
448ee
449ee
45eee
451ee
452ee
453ee
454ee
455ee
456ee
457ee
458ee
4 5 9 0 0
46e0e
46iee
462ee
4 6 3 0 0
4 6 4 0 0
465ee
466ee
467ee
468ee
469ee
47eee
477ee
4 7 2 0 0
473ee
474ee
4 7 5 0 0
476ee
477ee
478ee
479ee
48eee

Zvlv

2e8e

2e9e

c

:

21ee

2110

2120

c
c
c

:

c
c

c
c

:

c

:

:

c
c
c
c

:

c

:

c
213e

c

:

2140
2150

2 1 6 e

c
c

----- ---- IF (NZSWI.EQ.1)  G O  T O  2 e 9 e
TYPE 2 e 8 e
FORMAT(lX,’SINCE  THE SLICK DOES NOT SPREAD, ENTER

1 A STARTING THICKNESS IN CM”)
ACCEPT 28e, Zz=z/jee,
GO TO 2110

THE SLICK ALWAYS STARTS AT 2-CM THICKNESS.

IF  (NZSWI.NE.e)  GO TO 211e
Z=e :ez
voLuM-e .
DO 2120 I=l,NCUTS
VOLUM-VOLUM+MOLES(  I),
CONTINUE
NZSWI=l

CALCULATE THE INIT

AREA=VOLUM/Z
DIA=SQRT(AREA/0  .785)

RHO(1)

AL AREA AND DIAMETER.

THE FUNCTIONAL DEPENDENCE OF SPREADING WITH FRACTION OF ICE
COVER IS NOT KNOWN. FOR NOW, A LINEAR DEPENDENCE IS ASSUMMEO

SPRFAC=l.-FRACIC

THE MASS-TRANSFER COEFFICIENT CAN BE CALCULATED ACCORDING TO:

1 . A USER-SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

2 . THE MASS-TRANSFER COEFFICIENT CORRELATION ACCORDING
TO MACKAY AND MATSUGU, 1973, CAN. J. CHE, V51,
P434-439.

3 . INDIVIDUAL OIL- ANO AIR-PHASE MASS-TRANSFER COEFFI-
CIENTS BASED ON SOME REAL ENVIRONMENTAL DATA SUCH
AS THAT OF LISS  AND SLATER. SCALE THE AIR-PHASE
VALUE WITH RESPECT TO WIND SPEED ACCORDING TO
GARRATT, 1977, MONTHLY WEATHER REvIEw,  vle5,
p915-92e.

TEMP IS R*T AND USEO TO CHANGE THE UNITS ON THE MASS-
TRANSFER COEFFICIENT.

TEMP=(8.2E-05)*TK
G o  T o  (214e,218e,229e),  K M T C

USER SPECIFIED OVkR-ALL  MASS-TRANSFER COEFFICIENT.

TYPE 215e
FORMAT(lX,’ENTER  THE OVER-ALL MASS-TRANSFER COEFFICIENT

I ,  CM/HR,  T R Y  10’)
ACCEPT 280, U M T C

[
W R I T E  IOU,216e)  U M T C
FORMAT lH1,’OVER-ALL  MASS-TRANSFER COEFFICIENT WAS USER

l - S P E C I F I E D  A T  ‘,lPEle.3,’  CM/HR  BY INPUT CODE 1 ’ )

CONVERT CM/HR  TO GM-MOLES/(HR)(ATM)(M**2)  SINCE VAPOR
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48100
48200
4 8 3 0 0
4 8 4 0 0
4 8 5 0 0
486@0
48700
488@0
4 8 9 0 0
49eee
49 I ee
4 9 2 0 0
493ee
494ee
495ee
496@e
497ee
498ee
499ee
5eeee
5elee
5e2ee
5e3ee
5e4ee
505ee
5e6ee
5e7ee
5e8ee
5e9ee
5 I eee
51 lee
5 1 2 e e
5 I 3ee
5i4ee
515ee
5 1 6 0 e
5170e
51 aee
5190e
52e0e
521ee
522ee
5230e
524ee
525ee
526ee
527ee
528ee
529ee
53eee
5310e
532ee
533ee
534ee
535ee
536ee
537ee
538ee
539ee
54eee

L

c

217e

c
c
c
2 1 8 0

c
c
c
c
219e
c
c
c
2 2 e e

221e

2 2 2 e
2 2 3 e
2 2 4 e

225e

2 2 6 e

c

E
c
c
c

c
c
c
c

2 2 7 e
2 2 8 e

c
c
c
c
2 2 9 e
2 3 e e

. PRESSURE IS THE DRIVING FORCE FOR MASS TRANSFER.

UMTC*UMTC/TEMP/ 188.
D O  2178 I=l,NC1
MTC(I)=UMTC
CONTINUE
GO TO 2370

uSE THE MACKAY ANO MATSUGU MASS-TRANSFER COEFFICIENT,

TERMl=O.815*WINDMH**8.78
IF(SPREAD.EQ.0.)  GO TO 2198
TERM2=DIA**(-0.  11)
GO TO 22ee

IF THE SLICK DOES NOT SPREAD BASE THE DIAMETER DEPENDENCE
O N  leee M E T E R S  ANO D I V I D E  TH E  RESULT B Y  e.7

TERM2=0.65

KH INCLUDES THE SCHMIDT NUMBER FOR CUMENE.

KH-TERM1*TERM2
WRITE(IOU,2218)
FORMAT(lH1,  ’WEATHERING DATA FOR OIL IN A BROKEN ICE FIELD’)
IF(NIP.NE.1) GO TO 2238
WRITE(IOU,2220)NHIP

1

FORMAT lX,’AFTER  ICE POOL WEATHERING FOR ‘,1PE9.3,’  HOURS’)
W R I T E  IOU,2240) K M T C
FORMAT /,lx,’OVER-ALL  MASS-TRANSFER COEFFICIENTS BY INPUT

1 CODE’ ,12)
WRITE

[
IOU,2250) KH

F o R M A T  /,Ix,’OvER-ALL MASS-TRANsFER  c o e f f i c i e n t  F O R  cuMENE = ‘
l,lPEle.3,’ M/HR’,/)

[
W R I T E  IOU,2268)
FORMAT 3X,’CUT’,12X,’M/HR’,7X,’GM-MOLES/(HR)  (ATM)(M**2)’)
D O  2288 I=l,NC1

THE MASS-TRANSFER COEFFICIENT IS CORRECTED FOR THE
DIFFUSIVITY  OF COMPONENT I IN AIR. THE SQRT IS USED
(I.E. LISS  AND SLATER),  SLIT THE 1/3  POWER COULD ALSO
BE USED (I.E. THE SCHMIDT NUMBER).

MTCA(I)=KH*8.93*SQRT((MW(I)+29.  )/MW(I))

MTC(I) IS THE OVER-ALL MASS-TRANSFER COEFFICIENT DIVIDED
BY R*T. R=82.06E-86 (ATM)(M**3)/(G-MOLE)(DEG  K )

MTC(I)=MTCA(I  )/TEMP

[
W R I T E  Iou,227e)  I,MTCA(I),MTC(I)
FORMAT 2X, 13,2(163X, 1PE1E!.3))
CONTINUE
GO TO 2370

USER SPECIFIED INDIVIDUAL-PHASE MASS-TRANSFER
COEFFICIENTS.

TYPE 23ee
FORMAT(lX,’ENTER THE OIL-PHASE MASS-TRANSFER COEFFICIENT

1  I N  CM/HR,  T R Y  18”)
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54100
54200
54300
544B0
5 4 5 0 0
54600
547ee
546e0
549ee
55eee
55 I ee
55200
553ee
554e0
55!50@
55600
55700
558ee
559ee
5 6 9 0 0
561ee
562e0
563ee
5640e
565ee
566ee
567ee
568ee
569ee
57eee
571ee
572ee
573ee
574ee
575ee
576ee
577ee
578ee
579ee
58eee
581 ee
582ee
583ee
584ee
585ee
586ee
587ee
588ee
589ee
59eee
591 ee
592ee
593ee
5940e
595ee
596ee
597ee
598ee
599ee
6eeee

ACCEPT 280. KOIL
T Y P E  231e

231e F0RMA7(tx,  sENTER  T H E  A I R- P H A S E  MAss-TRANsfER  C O E F F I C I E N T
1 I N  CM/HR,  T R Y  leeeol
A C C E P T - 2EW3, K A I R  ‘
TYPE 232@

232e FORMAT(lX,’ENTER  THE MOLECULAR WEIGHT OF THE COMPOUND
1 FOR K-AIR ABOVE, TRY 2e0’)
ACCEPT 280, DATAMW

c
c scALE  K - A I R  AccOROING  T O  W I N D  S P E E D  (GARRATT,  1 9 7 7 ) ,

SO THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
: G O E S  U P ,  I . E . , THE CONDUCTANCE INCREASES.
c

KAIR=KAIR*(l  .+0.e89*WINDMS)
RKAIR=l./KAIR

c
CALCULATE R*T IN ATM*CM**3/GM-MOLE

:
RT=82.e6*TK
HTERM-WTMOLE/  (DCRLIDE*RT)
wRITE (xou,224e)  KMTc

E WRITE THE USERS INPUT, WIND SPEED, AND HENRYS LAW
c TERM TO THE OUTPUT.
c

[
w R I T E  Iou,233e) KAIR,KOIL,OATAIdw

2 3 3 e  FORMAT./,lX,’K-AIR  = ●  , 1 P E 1 O . 3 , ’ ,  A N D  K - O I L  = ‘,lPEle.3
1 , ’ CM/HR,  BASED ON A MOLECULAR WEIGHT OF ‘.lPEle.3)
wRITE

I

IOU,234e) WINDMS
2 3 4 e  F O R M A T  IX, ’WINO  S P E E D  =  ‘,lpEle.3, * M/S ‘ )

W R I T E  Iou,235e) HTERM
2350 FORMAT lX,’THE HENRYS LAW CONVERSION TERM FOR OIL = ‘

l,lPEle,3,’ l / A T M ’ )
WRITE (IOU,2260)

c
c CALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENT BASED
c ON GAS-PHASE CONCENTRATIONS FOR EACH CUT.
c

DO 236e I=l,NC1

[)
H L A W  I =HTERM*VP(I)
M T C A  I =RKAIR+HLAW(I)/KOIL

c
c NOW TAKE THE INVERSE TO OBTAIN  CM/HR  AND THEN MULTIPLY
c BY e.e~  T O  G E T  M/HR.
c

MTCA(I)=tl.01/MTCA(I)
c
c CORRECT FOR MOLECULAR WEIGHT ACCORDING TO LISS k SLATER,
c 1 9 7 4 ,  N A T U R E ,  V247, P181-184.
c

MTCA(I)=MTCA(I  )*SQRT(DATAMW/MW(  1))
MTC(I)=MTCA(I  )/TEMP

: AND WRITE THE OVER-ALL MASS-TRANSFER COEFFICIENT
c IN M/HR AND MOLE/HR*ATM*M*M.
c

W R I T E  (Iou,227e) I,MTcA(I),MTc(I)
2360 C O N T I N U E
2 3 7 e  SpGRS=141.5/(APIB+131.5)
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60100
6 0 2 0 0
60300
604ee
6 6 5 0 0
60600
6 0 7 0 0
60800
60900
6 1 0 0 0
61100
6 T 200
61300
6 1 4 0 0
6 1 5 0 0
616e0
6 1 7 0 0
6 1 8 0 0
619ee
62000
6 2 1 0 0
622ee
623ee
6 2 4 0 0
62500
626@e
627ee
620ee
629ee
63000
63100
6 3 2 0 0
6 3 3 0 0
6 3 4 0 0
63500
6 3 6 0 0
637ee
6 3 8 0 0
639ee
64000
64100
642ee
643ee
6 4 4 0 0
645ee
6460e
6 4 7 0 0
64800
6 4 9 0 0
65eee
651ee
652ee
6 5 3 0 0
65400
65508

MASS=O. 1582*BBL*SPGRB

[
W R I T E  IOU,2380) BBL,MASS

2 3 8 0  F O R M A T  /,IX,’FOR  7HIS sPILL  OF I,lpE1e.3, * 13ARRELs.  T H E
1 MASS IS ‘,lPEle.3,’ METRIC TONNES’)
VOLUMB=VOLUM/0  .159

[
W R I T E  IOU,2390) VOLUM,VOLUMS

239e FORMAT /,lX,’VOLUME  FROM SUMMING THE CUTS = ‘,1PE8.1, * M**3
1, OR ‘,lPEle.3,  ” BARRELS’)

I

G O  T o  2 4 2 0 , 2 4 0 0 , 2 4 2 0 ) ,  K M T C

24ee wRxTE Iou,24ie) wINI)s,wINDMH
241e F O R M A T  /,lX,*WIND  SPEED = ‘ ,1PE1O.3 , ’  KNOTS,  OR ‘,lPE10.3

1 , ’  M/HR’)
2420 W R I T E  IOU,2430) DIA,AREA

[2 4 3 e  f o R M A T  /,lX,DINITIAL SLICK  OIAMETER  = ‘,lpEle.3,’ M, O R  AR EA
1=’ ,lPE10.3.’  M**2’)

IF(SPREAO.GTiO.
)

GO to 245e

[
W R I T E  IOU,2440

2 4 4 e  FoiwAT /,lX,STHIS  sLIcK DOEs  N O T  S P R E A D  F O R  THIs c a l c u l a t i o n * )
c
c CALCULATE THE KINEMATIC VISCOSITY OF THE CRUDE AT 122
c DEG F AND THE ENTERED ENVIRONMENTAL TEMPERATURE.
c USE THE VISCOSITY MIXING RULE OF (MOLE FRACTION)*(LOG),
c SEE PAGE 460 OF REID, PRAUSNITZ  & SHERWOOD IN

THE BOOK ‘THE PROPERTIES OF GASES AND LIQUIDS’
:
2 4 5 e  VISMIX=6.

DO 2460 I=l,NCUTS
VISMIX=VISMIX+MOLES(  I)*VLOGK(  1)/TMOLES

246e CONTINUE
VISMIX=EXP(VISMIX)

[
W R I T E  IOU,2470) VISMIX

2 4 7 0  F o R M A T  /,lx,’KINEMATlc  V I S C O S I T Y  O F  T H E  8ULK cRuoE  F R O M
1 THE CUTS = ‘,1PE8.1,’ CENTISTOKES  AT 122 DEG F*)
vIsMIx=e.

c
c SCALE THE VISCOSITY WITH TEMPERATURE ACCORDING TO
c ANDRADE.
c

EXPT=EXP(1923,  ● (1./XSAVE-e.00l72l ))
D O  2480 l=f,NCUTS
VIS(I)=VISK(  I)*EXPT
VLOG(I)=ALOG(VIS(I))
VISMIX=VISMIX+MOLES(I)*VLOG(  1)/TMOLES

2480 CONTINUE
VISMIX=EXP(VISMIX)

[
wRITE  Iou,249e) vIsMIx,xpRiNT,ExPT

2 4 9 0  F O R M A T  /,IX,”KINEMATIC  V I S C O S I T Y  O F  T H E  B U L K  C R UD E F R O M  T H E

1  C U T S  = “,1PE5.1,’  AT T = ‘,0PF5.1,’ DEG F ,  S C A L E
2 FACTOR = ‘ ,1PE8.1)

c
IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE

: CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
c vISCOSITY INFORMATION CALCULATED ABOVE IS NOT USED IN

THIS VERSION OF THE CODE, 8UT  IT COULD BE IF A GOOD
: MIXING RULE IS EVER DETERMINED.
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1 @e
20e
3%0
40e
soe
6ee
70e
8 0 0
900

I eee
flee
I 2ee
I 3oe
I 4ee
1 see
16ee
I 7ee
1 eee
I 9ee
2eee
21ee
2 2 0 0
2 3 e e
24e0
25ee
26ee
27ee
2 8 0 0
29e0
3eee
3tee
3 2 e e
33e0
3 4 e e
35ee
36ee
37ee
38ee
39ee
4eee
4100
4 2 e e
4 3 e e
44ee
45ee
46ee
47ee
4eee
49ee
5ee0
51ee
52ee
5 3 0 0
54ee
55ee
56ee
57ee
58ee
59ee
6eee

c
c
c
c
c
c
c

2 5 0 0

THEREFORE, FOR THE TIME BEING, THE VISCOSITY OF THE WHOLE
WEATHERED CRUDE IS CALCULATED ACCORDING TO MACKAY.

NOW LOAD THE VISCOSITY INFORMATION IN THE FORM
OF THREE CONSTANTS:

THE VISCOSITY IN CP AT 25 DEG C
:: THE ANDRADE-VISCOSITY-SCALING CONSTANT

WITH RESPECT TO TEMPERATURE, SEE GOLD &
O G L E ,  1 9 6 9 ,  CHEM. ENG.,  J U L Y  1 4 ,  P 1 2 1 - 1 2 3

3 . THE VISCOSITY AS AN EXPONENTIAL FUNCTION OF
THE FRACTION OF OIL WEATHERED

IF(LSWTCH.EQ.99)  GO TO 251e
TYPE 25ee
FORMAT(lX,’SINCE  A LIBRARY CRUDE WAS NOT USED

1,’,/,lX,’ENTER THE FOLLOWING THREE VISCOSITY CONSTANTS’)
GO TO 2530

25~e T Y P E  2 5 2 e
2520 FORMAT(lX,’DO  YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?’)

ACCEPT 39e, ANS
IF(ANS.EQ.  ’N’) GO TO 257e

253@ T Y P E  2540
2540 FORMAT(lX,’1. ENTER THE BULK CRUDE VISCOSITY

1 AT 25 DEG C ,  C E N T I P O I S E ,  T R Y  3 5 . ’ )
ACCEPT 280. VISZ
TYPE 255e “

2 5 5 0  FORMAT(lX,’2. ENTER THE VISCOSITY TEMPERATURE SCALING
1 CONSTANT  (ANORAOE),  T R Y  90ee.’)
ACCEPT-28e,  MK3
T Y P E  2 5 6 e

2 5 6 0  FORMAT(lX,’3. ENTER THE VISCOSITY-FRACTION-OIL
l-WEATHERED CONSTANT, TRY le.5’)
ACCEPT 28e, MK4
GO TO 258e

c
c USE THE LIBRARY VISCOSITY OATA
c
2 5 7 0  VISZ=VISZL(IC)

[1
MK3=MK3L  Ic
MK4=MK4L  IC

c
c INSERT  VISCOSITY CALCULATION ACCOROING  TO MASS

FRACTION EVAPORATED. THIS IS THE VISCOSITY
: MODIFICATION RELATIVE TO CUTVP1~
2 5 8 e  VSLEAD=VISZ*EXP(MK3*(l./TK-e  .e03357))

[
WRITE IOU,2590)  V I S Z , M K 3 , M K 4 , V S L E A D

2 5 9 0  F O R M A T  /,lx.BvIscOsITY  ACCORDING  T O  M A S S  EvApORATEO:
1  VIS25C  =’,1PE9.2,’,  ANORADE  =’,1PE9.2
2 , ’ * FRACT WEATHERED =’,1PE9.2’, VSLEAD =’,1PE9.2
3 , ’  C P ’ )
c2P=l./c2
W R I T E  (IOU,285e)  C1,C2P,C4
NEO-NCUTS

c
c SET UP THE OISPERS1ON PROCESS CONSTANTS.

CALCULATE THE FRACTION OF THE SEA SURFACE SUBJECT TO
DISPERSIONS/HOUR .

c THE FUNCTIONAL DEPENDENCE OF DISPERSION RATE WITH FRACTION
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6100
6200
6 3 0 0
6 4 0 0
6500
6 6 0 0
670%
68@@
69ee
7ee0
7100
72e0
73ee
7 4 0 0
75ee
76e0
77ee
7 8 0 0
79ee
8e00
8100
82e0
8300
a4ee
85ee
8600
87ee
138e0
89ee
9eee
91e0
9200
93ee
94e0
9500
96ee
97e0
9800
99ee

I aeee
lelee
I 02e0
103ee
I e4ee
I esee
106ee
1 fa7ee
1 e8ee
I e9ee
1 I eee
lllee
I t 2e0
f I 3 e e
1 14ee
I 15e0
I I 6 e e
1 f 7e0
1 18e@
I  19ee
12ee0

c OF ICE COVER IS NOT KNOWN. FOR NOW, THE VARIA8LE  FACDIS  WILL
c BE USED TO INCREASE THE DISPERSION RATE. ITS OEFAULT VALUE
c WILL BE 10.
c

FACDIS=jO.
TYPE 26ee

2600 FORMAT(lX,’DO  YOU WANT THE WEATHERING TO OCCUR WITH
1 DISPERSION?’)
ACCEPT 390, ANS
FRACTS=@.
IF(ANS.EQ.  ’N’) GO TO 2670
I F  (LSWTcH.NE.99)  GO T O  2 6 2 e
TYPE 26!0

2610 FORMAT(lX,’DO  YOU WANT TO ENTER NEW DISPERSION
1 CONSTANTS?’)
ACCEPT 390, ANS
IF(ANS.EQ.  ’N’] GO TO 2660

2 6 2 0  T Y P E  2 6 3 0
263e FORMAT(IX,’ENTER THE WIND SPEED CONSTANT, TRY 0.1’)

ACCEPT 280, KA
TYPE 2640

2640 FORMAT(lX,’ENTER THE CRITICAL DROPLET SIZE CONSTANT
1 , TRY 5e’)

ACCEPT 280. KB
T Y P E  2650 ‘

265e FORMAT(-IX,’ENTER  THE BROKEN ICE FIELD DISPERSION MULTIPLIER’)
ACCEPT 289,FACDIS

2 6 6 0  FRACTS=KA*(l  .+WINDMS)**2
2670 CONTINUE

FRACTS-FRACTS*FACDIS

[
W R I T E  IOU,2689) FRACTS

2680 FORMAT /,lX,STHE FRACTIONAL SLICK AREA SUBJECT TO
1 D I S P E R S I O N  I S  ‘,1PE8. 1,’ PER HOUR’)

IF(ANS.EQ.  *N’) GO TO 2700

I
W R I T E  IOU,269e) KA,K8,STEN

269e FORMAT lX,’THE DISPERSION PARAMETERS USED: KA=’
1,1PE9.2,’,  KB = ‘,1PE9.2,’,  S U R F A C E  T E N S I O N  =  ‘,1PE9.2
2 , ’ DYNES/CM’)

c
c P R I N T  E V E R Y  X P  TIME I N C R E M E N T  (HOURs).

Xl IS THE STARTING TIME = e.
: X2 IS THE NUMBER OF HOURS FOR WEATHERING TO OCCUR.
c
2 7 e e  Xp=l.

xl=g.
MOLS(NCUTS+l  )-A R E A

: PRINT AN OUTPUT FILE FOR 80 COLUMN OUTPUT, THIS IS
c T H E  CUTVP2.TYP  FILE.
c

WRITE(ITY,2710)
2710 FORMAT(lH1, ’WEATHERING OF OIL IN A BROKEN ICE FIELD’)

IF(NIP.NE.1)  GO TO 2730
WRITE(ITY,272fd)  NHIP

1

2720 FORMAT lX,’AFTER  ICE POOL WEATHERING FOR ‘, 1PE9.3,’  HOURS’)
2 7 3 e  wRITE ITy,274e) (ANAME(J),J=l  ,5)
2 7 4 e  F O R M A T  /,lx,’oIL:  ‘,5A5)

W R I T E  ITY,2759)  XPRINT,WINDS
2 7 5 e  F OR M A T  lX, STEMPERATURE= 9,F5.1, * D E G  F,  W I N D  SPEED= ‘

1,F5.1,’ KNOTS ‘ )
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(ee.vTI 3TIW 
X t TAMOR (e$e.YTI 3TIPW 

08-qS ,XI TAMO (e8YTI 3TIW 
OM-WM XI TAMO (e8,vTI 3TI5W 

TU3,X.\ TAMO1 

12100
12200
12308
124%0
1256EI
12600
12700
12808
12900
I 3eee
131ee
i 32ee
I 330e
I 340e
1 3 5 0 0
136e0
I 37e0
138@e
I 39ee
1 4 0 e e
147e0
I 42ee
14300
14400
145ee
14600
I 47ee
148e0
I 49ee
I 5eee
151ee
I 52e0
153e0
15400
15500
156e0
157e0
158e0
1590e
1 6eee
161e0
1620e
16300
1640e
165e0
166ee
167e0
16860
169ee
1 70ee
171ee
17280
173ee
17400
175ee
176ee
I 7 7 e e
! 78ee
I 79ee
18eee

2 7 6 e

2 7 7 e

278e

2 7 9 e

28ee

2ale

2 8 2 0

2 8 3 e
2 8 4 0

2 8 5 e

2866

2 8 7 e

2886

2 8 9 e

29ee

291e

292e

2 9 3 e

2 9 4 0

295e

296e

2 9 7 e

2 9 8 e

2 9 9 e
3eee

WRITE [ITY,2760) BBL

1F O R M A T  lX, ;SPIL~  SIZE=  ‘,1PE16.3,’  B A R R E L S ’ )
W R I T E  ITY,277EI)  K M T C
FORMAT lX,’MASS-TRANSFER COEFFICIENT CODE=’  ,13)
W R I T E  ITY,2780)
FORMAT /,Ix,*FOR  THE OUTPUT THAT FOL L O W S, MOLES

l=GRAM MoLEs’)

RAMS, VP=VAPOR PRESSURE IN ATMOSPHERES”)

lLING  POINT IN DEG F ,  A P I - G R A V I T Y ’ )

LECULAR  WEIGHT’)

“ , 3 X ,  ’MOLES’,6X,  ’GMS’  ,8X, ‘VP’,8X,’BP’
1,7X, ’API ’,5X, ’MW*)
D O  2846 I=l,NCUTS
GMS=MOLES(I)*MW(I)

1
. . . .

~fl;~ ;~Y,2836)  I,MOLES( I),GMS,VP(I),TB(I  ),API(I).IMW
FORMAT 3X, 12,5[1X, IPE9.2).1X,13)
CONTINUE -

[
W R I T E  ITY,2850)  C1,C2P,C4
F O R MA T  /,Ix,JMOussE  coNsTANTs:  MOONEY=*,  lPE9.2

1 , ’ , M A X  H20=’,0PF5.2,’,  WIND**2=’, 1PE9.2)
WRITE(ITY,2866)  FACMOU

[

FORMAT 20X, ’K4=’ ,1PE9.3)
W R I T E  ITY,2876)  KA,KB,STEN
FORMAT lX,’DISPERSION  CONSTANTS: KA=’,1PE9.2

1 , ’ .  KB=’,1PE9,2,’, S-TENSION=’,  1PE9.2)
WRITE(ITY,2880)FACDIS
FORMAT(24X,’KC=’  ,1PE9.3)
WRITE(ITY,  2896)FRACIC

1

F O R M A T  lX,’FRACTION OF ICE COVER=’ ,1PE9.3)
WRITE ITY,2960)  VISZ,MK3,MK4
FORMAT lX,’VIS CONSTANTS: VIS25C=’,1PE9.2

1 , ’ , ANDRADE =’,1PE9.2,’, FRACT =’,1PE9.2)

1

W R I T E  ITY,2916)
F O R M A T  /,lx,sfOR  THE O U T P U T  T H A T  F O L L O W S, TIME=HOURSI)
WRITE ITY,2920)
F O R M A T  lX, ”BBL=BARRELS,  SPGR=SPECIFIC  GRAVITY, AREA=M*M’)
W R I T E  ITY,2930)
F O R M A T  lX,’THICKNESS=CM,  W=PERCENT  WATER IN OIL (

lMOUSSE)’)

!
W R I T E  ITY,2940)
FORMAT lX.’DISP=DISPERSION  RATE IN GMS\M*M/HR’)

/

W R I T E  ITi,2950)
.,.

F O R M A T  lX, *ERATE=EVAPORTION  RATE IN GMS/M*M/HR”)
W R I T E  ITY,2966)
F O R M A T  lX,’M/A=MASS  PER M*M OF OIL IN THE SLICK’)
W R I T E  ITYs2970)
FORMAT(lX,  ;I=FIRST  CUT WITH GREATER THAN lx (M A S S)

1 REMAINING’)

[
W R I T E  ITY,2980)
F O R M A T  lX, PJ=FIRST  C U T  W I T H  G R E A T E R  T H A N  5ez (M A S S)

1 REMAINING’)
IF{FRACTS.NE.6,  ) GO TO 3666

[
WRiTE  ITY,2990)
FORMAT lX,’DISPERSION  WAS TURNED OFF’)
IF(SPREAD.NE.6.) GO TO 3026
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18100
I 8200
18300
I a4e0
18500
18600
18700
18800
189ee
19e0e
1910e
192ee
193ee
194e0
I 95ee
19600
19700
1900e
199ee
Zeeee
2el ee
2e20e
2et30e
2e4ee
205ee
20600
2e7ee
208ee
20900
21 eee
2 1 1 0 0
21200
21300
2 I 4ee
2 I 5ee
216ee
2 17ee
218ee
219ee
22e0e
221ee
222ee
223ee
224ee
225ee
226ee
227ee
228ee
229ee
23eee
23~ee
232ee
233ee
234ee
235ee
236ee
237ee
238ee
239e0
24eee

[
W R I T E  I T Y , 3 0 1 O )

3010 FORMAT lX,’SPREADING  WAS TuRNED OFF’)
3020 TCODE=KMTC

T Y P E  3 e 3 e
3030 FORMAT(/,lX,’PLEASE  W A I T ’ )

CALL BRKG4(MOLS,X1,X2,XP,NEQ,NDEL)
I F  (c3.EQ.-l.)  G O  T O  304e

cc CHECK TO SEE IF MOUSSE HAS BEEN MADE. IF IT HAS, SAVE THE
c RATE CONSTANT SO THAT FURTHER WEATHERING CAN TAKE THIS INTO
c ACCOUNT
c

MOUSWI=l
C3SAVE=C3

3040 C O N T I N U E
ND=e
0 0  3e5e I=l,NEa
IF (YM(I).NE.9.)  GO TO 3050
ND=ND+  1

3050 CONTINUE
NEW=NDEL+ND
IF(NQUIT.EQ.1)  GO TO 4460

3e6e TYpE 3e7e
3e7e FORMAT(lX,’WILL  OPEN OCEAN WEAT H ER ING N O W  O C C U R ? ” )

ACCEPT 390,ANS
IF(NBI.EQ.0)  GO T O  3 1 1 0
TV-O  .
0 0  3e8e I=I,NE12-ND

[1
TV=TV+(YM ND+I  ● YMSAVE(NO+I /SPGR(NEW+I))

1VOL(I)=YM  ND+I  ● MOLES(NEW+I ● MW(NEW+I)/(SPGR(NEW+I)
1*(BBL*1582.))
TB(I)=TB(NEW+I)
API(I)=API(NEW+I)

3060 CONTINUE
BBL=TV/158200.
NCUTS=NCUTS-(  ND+NDEL)
NEQ=NCUTS

c
c A L W A Y S  RENORMALIZE  TH E  IN P UT  V O L U M E S  T o  leez.
c

VTOTAL=9.
D O  3090 I=l,NCUTS
VTOTAL=VTOTAL+VOL(  I)

3090 CONTINUE
D O  31ee I=I,NCUTS
VOL(I)=100.*VOL(I)/VTOTAL

3100 CONTINUE
I s=g
APISWI=l
CALL DOCHAR

3110 CONTINUE
SPRFAC=l.
IF(ANS.EQ.  ’N’) GO TO 4460
NG=NG+NEW
TYPE 3120

3120 FORMAT(lX,’FOR  HOW MANY HOURS?’)
ACCEPT 280,X2
T Y P E  3130

3130 FORMAT(lX,’AT  WHAT TEMPERATURE, DEG F?’)
ACCEPT 280,XSAVE
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2 4 1 0 0
24200
2 4 3 0 0
2 4 4 0 0
245ee
246ee
247ee
248ee
249ee
25ee0
251ee
252ee
253ee
254ee
255ee
256ee
257ee
258ee
259efa
26eee
261ee
262ee
263ee
264ee
265ee
266ee
267ee
268ee
269ee
27eee
271ee
272ee
273ee
274f3e
275ee
276ee
277ee
278ee
279ee
28e0e
281ee
282ee
283ee
284ee
2850e
286ee
287ee
288ee
289ee
29eee
291ee
292ee
293ee
294ee
295ee
296ee
297ee
298ee
299f3e
3eeee

XPRINT=XSAVE
XSAVE=XSAVE+459 .
NCC1=NC1
CALL VPIF(XSAVE,NCC1)
TK=(xs&vE-491  .)/1.8+273.
IF(LSWTCH.EQ.99) GO TO 3160
T Y P E  314e

314e FoRMAT(Ix,’sINcE Y o u  D I D  N O T  usE  A  L I B R A R Y  C R U D E, ’ )
TYPE 3150

3f5e FoRMAT(lx,  *You  MUST ENTER THE F O L L O W I N G  TH R EE MOUSSE
1 FORMATION CONSTANTS’)

GO TO 3~80
3160 T Y P E  3170
3170 FORMAT(lX,’DO  YOU WANT TO ENTER NEW MOUSSE FORMATION

lTANTS?’)
A C C E P T  39e,  ANS

IF(ANS.EQ.  ’N’) GO TO 3240
c
c TO SPECIFY NO MOUSSE, ENTER C2 = 0
c

CONS

3180 T Y P E  3190
3190 FORMAT(lX,  ”l. ENTER THE MAXIMUM WEIGHT FRACTION WATER

1  I N  O I L ’ )
ACCEPT 280, C2
IF(C2.GT.6.)  GO TO 3210

c
SET C2=-1. IF A MOUSSE CANNOT BE FORMED AND LOOP OUT.

:
C2=-1 .
TYPE 32ee

32ee FORMAT(/,lX,SSINCE  A ez W A T E R  C O N T E N T  w A s  S P E C I F I E D

THE REMAINING TWO MOUSSE’,/,lX,’CONSTANTS  ARE NOT
l’NEEDEO’)

GO TO 3250
321e c2=1./c2

TYPE 3220
3 2 2 e  FoRMAT(lx,  *2 .  E N T E R  T H E  MOUSSE-VISCOSITY  cONsTANT

1, TRY 0.65’)
ACCEPT 280, Cl
TYPE 3230

323e FoRMAT(lx,’3.  ENTER THE wATER INcORpORATION  RATE CONSTANT
1. T R Y  e.eel’)

A C C E P T  2ae, C4
GO TO 3250

11

324@ C1=CIL  IC
c2=c2L Ic
c4_c4L Ic

3250 IF(LSWTCH.EQ.99)  G O  T O  3280
TYPE 3260

3260 FORMAT(/,lX,’YOU  MUST ALSO ENTER AN OIL-WATER SURFACE
1 T E N s I o N  (OYNEs/cM’)

TYPE 3270
3270 FORMAT(lX,’FOR  D I S P E R S I O N ,  T R Y  30.’)

GO TO 3310
3280 T Y P E  3 2 9 0
3290 FORMAT(lX,’DO  YOU WANT TO ENTER A NEW OIL-WATER SURFACE

1 TENsroN  (DYNEs/cM)?*)
ACCEPT 396, ANS’ ‘ “
IF(ANS.EO.  ’N’) GO TO 3320
TYPE 33ee
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3 0 1 0 0
30200
303ee
3e4ee
3e5ee
3e6ee
3e7ee
3e8e0
3e9e0
3 I eee
311ee
312ee
313ee
3 1 4 e e
3 I 5ee
3 1 6 e e
317ee
3 I 8ee
319ee
32eee
321ee
322ee
323ee
324ee
3250e
326ee
327ee
328ee
329ee
33eee
331ee
332ee
33300
334ee
335ee
336ee
337ee
338ee
339ee
34eee
341 ee
342ee
343ee
344e0
345ee
346ee
347e0
3480e
349ee
3500e
35 I ee
352ee
353ee
354ee
355ee
356ee
357ee
358ee
359ee
36eee

3300 FORMAT(lX,’TRY  30.’)
331e  A C C E P T  2 8 e ,  s T E N

GO TO 3330
3 3 2 e  STEN=ISTENL(IC)
c
c START THE MASS-TRANSFER COEFFICIENT SPECIFICATION.
c
3 3 3 e  T Y P E  3 3 4 e
3 3 4 e  FORMAT(IX,  IENTER  T H E  M A S S- T R A N SF E R  COEFFICIENT  coDE: 1

1 ,  2 ,  O R  3  WHERE:’)
TYPE 3350

3 3 5 e  FoRMAT(Ix,  sl=usER  SpEcIFIED OV E R -A L L  MASS-TRANSFER  C O E F

lFICIENT’1
TYPE 3366

3360 FORMAT(lX,  ’2=CORRELATION  MASS-TRANSFER COEFFICIENT BY
1 MACKAY & MATSUGU’)

3 3 7 e

c
c
c
c
3 3 6 e

c
c
:
c

c
c
c
c
3 3 9 e

c
c
c

34e0
c
c
c

341e

3 4 2 e
c

,
TYPE 3370
FORMAT(lX,  ’3=INOIVIDUAL-PHASE  MASS-TRANSFER COEFFICIENTS’)
ACCEPT 420, KMTC

NOW ENTER THE WIND SPEED IN KNOTS AND CONVERT TO METER/SEC
AND METER/HOUR.

TYPE 3380
FORMAT[lX,’ENTER  THE WIND SPEED IN KNOTS’)
ACCEPT 28e, wINDs

NEVER LET THE WIND SPEED DROP BELOW  2 KNOTS. A ZERO WIND
SPEED DESTROYS THE MASS-TRANSFER CALCULATION AND WILL
YIELD A ZERO MASS-TRANSFER COEFFICIENT.

IF(WINDS.LT.2.  ) WINDS=2.
WINDMS=O.514*WINDS
WINDMH=1853.  ● WINDS

NOW CALCULATE THE INITIAL GRAM MOLES FOR EACH COMPONENT TO
GET THE INTEGRATION STARTED.

BM=O.159*BBL
TMOLES=e.
D O  3400 I=l,NCUTS
AMASS=1582.*SPGR(  l)*BBL*VOL(  1)
MOLES(I)=AMASS/MW(  I)
MOLS(I)=MOLES(  1)
TMOLES=TMOLES+MOLES( I)

RHO IS THE DENSITY IN GM MOLES/CUBIC METER.

RHO(I)=lOe.*MOLES(I)/(BM*VOL(  1))
CONTINUE

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE CRUDE

WTMOLE=O.
0 0  341e I=l,NCUTS
WTMOLE=WTMOLE+MW( I)*MOLES(I)/TMOLES
CONTINUE

[
W R I T E  rou,342e)  W T M O L E

FORMAT /,lX,’MEAN MOLECULAR WEIGHT OF THE CRUDE = ‘,1PE1O.3)
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36100
3 6 2 0 0
3630%
3640a
36500
36600
36700
3 6 8 0 0
36900
370ee
3710e
372ee
373ee
374ee
375ee
376ee
377ee
378ee
379ee
38eee
3810e
382ee
383ee
384@e
385ee
3a6ee
387ee
38800
389ee
39eee
39 i ee
392ee
393ee
3 9 4 0 0
395ee
3960e
397ee
398ee
399ee
4eeee
4elee
402ee
4e3ee
4e4ee
405ee
4e6ee
4e7ee
4e8ee
4e9ee
41eee
41 lee
4j2ee
413ee
4 1 4 e e
415ee
4 1 6 e e
4 1 7 e e
418ee
419ee
42eee

c
c
3 4 3 e

3 4 4 0

c

E
c
3 4 5 e

3 4 6 e

3 4 7 e

c
c
c
3 4 8 e

349e

35ee
c

;

c

:
c

E
c

:
c
c
c

:

:
c

E
3 5 1 0

c
c
c
3 5 2 0
353e

SPECIFY SLICK SPREADING,

SPREAD-O.
TYPE 3 4 4 e
FORMAT(lX,’DO  YOU WANT THE SLICK TO SPREAO?’)
ACCEPT 390, ANS
IF(ANS.EQ.  ’N’) GO TO 3450
SPREAD=l.
GO TO 3480

CALCULATE AN AREA IN SAME WAY IT WILL BE CALCULATE
AS THE SLICK WEATHERS. z=THIcKNEss  I N  METERs.

I F  (NZSWI.EQ.1)  Go T O  3 4 7 0
TYPE 3460
FORMAT(lX.  ’SINCE THE SLICK DOES NOT SPREAO, ENTER

I A STARTING THICKNESS IN CM’)
ACCEPT 28e, Z
z=z/~ee.
GO TO 3490

THE SLICK ALWAYS STARTS AT 2-CM THICKNESS.

IF (NZSWI.NE.0)  GO TO 3490
2=0. e2
VOLUM=8.
D O  35e0 I=l,NCUTS
VOLUM-VOLUM+MOLES(  I ) / R H O ( I )
CONTINUE

CALCULATE THE INITIAL AREA AND DIAMETER.

AREA=VOLUM/Z
DIA=SQRT(AREA/O  .785)

THE MASS-TRANSFER COEFFICIENT CAN BE CALCULATE ACCOROING  TO:

1. A USER-SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

2 . THE MASS-TRANSFER COEFFICIENT CORRELATION ACCORDING
TO MACKAY AND MATSUGU, 1973, CAN. J. CHE, V51,
P434-439.

3 . INDIVIDUAL OIL- AND AIR-PHASE MASS-TRANSFER COEFFI-
CIENTS BASED ON SOME REAL ENVIRONMENTAL DATA SUCH
AS THAT OF LISS AND SLATER. SCALE THE AIR-PHASE
VALUE WITH RESPECT TO WINO SPEED ACCORDING TO
GARRATT,  1977, MONTHLY WEATHER REVIEW, vle5,
P9i5-92e.

TEMP [S R*T AND USED TO CHANGE THE UNITS ON THE MASS-
TRANSFER COEFFICIENT.

TEMP=(8.2E-e5)*TK
Go To (352e,356e,371e),  K M T c

USER SPECIFIED OVER-ALL MASS-TRANSFER COEFFICIENT.

TYPE 3530
FORMAT(lX,’ENTER THE OVER-ALL MASS-TRANSFER COEFFICIENT
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42iee
422e0
4230e
424ee
425e0
4260e
427ee
42.8ee
429ee
43eee
431ee
432ee
433ee
434ee
435ee
436ee
437ee
438ee
439ee
44eee
441ee
442ee
443e0
444ee
445ee
446ee
447ee
44800
449e0
45eee
451 ee
452ee
453ee
454ee
455ee
4560e
457ee
458ee
4590e
46eee
461ee
4620e
463ee
464ee
4650e
46600
4670e
46a0e
469ee
47eee
471 ee
4720e
473ee
474ee
475e0
476ee
477ee
478ee
479ee
48eee

3 5 4 0

c
c

E

355e

c
c
c
3 5 6 e

c
c
c
c
3 5 7 e
c

:
358e

3 5 9 e

36ee

361e
3 6 2 0

3 6 3 e
3 6 4 e
3 6 5 e
3 6 6 0

3 6 7 0

368e

c
c
c

:
c

c

1 .  CM/HR.  T R Y  ItI’)
A C C E P T  28e, UMTC”

[
W R I T E  IOU,3540) U M T C
FORMAT IH1,’OVER-ALL MASS-TRANSFER COEFFICIENT WAS USER

l - S P E C I F I E D  A T  ‘,1PE113.3,’ CM/HR BY INPUT CODE 1’)

CONVERT CM/HR TO GM-MOLES/(HR)(ATM)(M**2)  SINCE VAPOR
PRESSURE IS THE DRIVING FORCE FOR MASS TRANSFER.

UMTC=UMTC/TEMP/  100.
Do 3 5 5 e  I=l,NCI
MTC(I)=UMTC
CONTINUE
GO TO 3790

USE THE MACKAY AND MATSUGU MASS-TRANSFER COEFFICIENT.

TERMl=O.015*W1NDMH**0.78
IF(SPREAO.ECl.0.)  GO TO 3570
TERM2=DIA**(-0.  11)
GO TO 3580

IF THE SLICK DOES NOT SPREAD BASE THE DIAMETER DEPENDENCE
ON leeo M E T E R s  ANO D I V I D E  T H E  RESULT  BY e . 7

TERM2=@.65

KH If4CLUDES THE SCHMIDT NUMBER FOR CUMENE.

KH=TERM1*TERM2
WRITE(IOU,3590)
FORMAT(  lH1,’WEATHERING  DATA FOR OIL ON THE OPEN OCEAN’)
IF(NIP.NE.  1.AND.NBI.NE.1)  GO TO 3650
WRITE(IOU,3600)
FORMAT(lX,’AFTER: ‘)
IF(NIP.NE.1) GO TO 3620
WRITE(IOU,3610)  NHIP
FORMAT(9X,’  ICE POOL WEATHERING FOR ‘,1PE9.3,’  HOURS’)
CONTINUE
IF(NBI.NE.1) GO TO 3640
WRITE(IOU.3630)  NHBI
FORMAT(9X,’BROKEN  ICE FIELD WEATHERING FOR ‘,1PE9.3,’  HOURS’)
CONTINUE

[
W R I T E  IOU,3660) K M T C
FORMAT /,lX,’OVER-ALL  MASS-TRANSFER COEFFICIENTS BY INPUT

1 CODE’ ,12)

[
W R I T E  IOU,367Ci)  K H
FORMAT /,lX, “OVER-ALL MASS-TRANSFER COEFFICIENT FOR CUMENE = ‘

l,lPE10.3,’  M/HR’,/}

[
W R I T E  IOU,368ti)
FORMAT 3X,’CUT’,12X,’M/HR’ ,7X,’GM-MOLES/(HR)(ATM)(M**2)  ‘)
D O  37ee l=I,NC1

THE MASS-TRANSFER COEFFICIENT IS CORRECTED FOR THE
DIFFUSIVITY  OF COMPONENT I IN AIR. THE SQRT IS USED
(I.E. LISS AND SLATER),  BUT THE 1/3  POWER COULD ALSO
BE USED (I.E. THE SCHMIDT NUMBER).

MTCA(I)=KH*O.93*SQRT((MW(I)+29  . ) / M W ( I ) )
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4ale0 c MTC(I) IS THE OVER-ALL MASS-TRANSFER COEFFICIENT DIVIDED
4g2e0
4 8 3 0 0
48400
485ee
486ee
487ee
488ee
489ee
49eee
491ee
492e0
493ee
494ee
4 9 5 0 0
496ee
497ee
498ee
49900
5eeee
5elee
5e2e0
5e3ee
5e4ee
5e5ee
50600
5e7ee
5e8ee
5e90e
5 I eee
511e0
5120e
513ee
51400
slsee
516e0
5 1 7 e e
518ee
5 1 9 e e
52eee
521ee
522e0
523ee
524ee
525e0
526e0
527ee
528ee
529ee
53eee
53 I ee
s32ee
533ee
534ee
535ee
536ee
537ee
538ee
539ee
54eee

c BY R*T. R=82.06E-96 (ATM)(M**3)/(G-MOLE)(DEG  K )
c

MTC(I)=MTCA(I)/TEMP

[
W R I T E  IOU,369B)  I , M T C A ( I ) , M T C ( I )

369B F O R M A T  2 X ,  I 3 , 2 ( 1 B X , 1 P E 1 O . 3 ) )
37BB CONTINUE

GO TO 379B
c

uSER SPECIFIED INDIVIDUAL-PHASE MASS-TRANSFER
: COEFFICIENTS.
c
371e T Y P E  3 7 2 e
372B FORMAT(lX,’ENTER THE OIL-PHASE MASS-TRANSFER COEFFICIENT

I  I N  CM/HR,  T R Y  let)
ACCEPT 280, KOIL
TYPE 373B

3 7 3 e  FoRMAT(lx,’ENTER  T H E  A IR - PH A S E  MASS-TRANSFER  COEFFICIENT
I  I N  CM/HR,  T R Y  leee’)
ACCEPT 280, KAIR
TYPE 374B

3 7 4 e  FORMAT(lX,  SENTER  T H E  M OL E C U L A R  WEIGHT oF T H E  coMpouND
1 FOR K-AIR ABOVE, TRY 2i3Ci’)
AccEpT 28e, OATAMW

c
SCALE K-AIR ACCORDING TO WIND SPEED (GARRATT,  1977),

E SO THAT AS THE WIND SPEED GOES UP THE MASS TRANSFER
c G O E S  ”UP,  I .E . , THE CONDUCTANCE INCREASES.
c

KAIR=KAIR*(  t.+0.B89*WINDMS)
RKAIR=l,/KAIR

: CALCULATE R*T IN ATM*CM**3/GM-MOLE
c

RT=82.B6*TK
HTERM=WTMOLE/(DCRUDE*RT)
WRITE (IOU,366B)  KMTC

c
c WRITE THE USERS INPUT, WIND SPEED, AND HENRYS LAW

TERM TO THE OUTPUT.
:

[
WRITE IOU,3750)  KAIR,KOIL,DATAMW

3 7 5 e  F o R M A T  /,lx,’K-AIR = “,lPE1e.3,’,  A N O  K- O I L  - ‘,lpEle.3
1 , ’ CM/HR,  BASED ON A MOLECULAR WEIGHT OF ‘,1PE1O.3)

I

W R I T E  IOU,376B)  WINDMS
376B FORMAT lX,’WIND SPEED = ‘,lPE10.3,’  M / S ’ )

wRITE rou,377e) HTERM
3 7 7 e  FoRMAT(lx,  *THE tiENRys  L A W  C O n V e r S i O n  T E R M  F O R  O I L  =  D

l,lPEIB.3,”  I / A T M ’ )
WRITE (IOU,3680)

: CALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENT BASED
c ON GAS-PHASE CONCENTRATIONS FOR EACH CUT.
c

0 0  378B I=I,NC1

[1
HLAW I =HTERM*VP(I)
MTCA I =RKAIR+HLAW(I)/KOIL

c
c
c

NOW TAKE THE INVERSE TO OBTAIN CM/HR  AND THEN MULTIPLY
By e e l  T o  G E T  M/HR.
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54100
54200
54300
5 4 4 0 0
5 4 5 0 0
5 4 6 0 0
5 4 7 0 0
54800
549ee
55000
5 5 1 0 0
552%0
55300
5 5 4 0 0
55500
55680
557ee
55800
559ee
56000
561  ee
562@0
563a0
56400
56500
56600
5 6 7 0 0
56800
569@EI
570ee
57100
57200
57300
5 7 4 0 0
57500
5 7 6 0 0
5 7 7 0 0
5 7 8 0 0
57900
58000
5 8 1 0 0
5 8 2 0 0
5 8 3 0 0
58400
5 8 5 0 0
5 8 6 0 0
5 8 7 0 0
5 8 8 0 0
5 8 9 0 0
59000
59100
5 9 2 0 0
5 9 3 0 0
5 9 4 0 0
5 9 5 0 0
5 9 6 0 0
5 9 7 0 0
59800
59900
60000

c

c
c
c
c

c
c
c
c

3780
3790

3800

3810

3820
3830

3840
3850

3860
c
c
c
c
c
c
c
3870

3880

3890

c
c
c
c

3900

MTCA(I)=O.01/MTCA(I)

CORRECT FOR MOLECULAR WEIGHT ACCORDING TO !.1SS & SLATER,
1974, N A T U R E ,  V247, P181-184.

MTCA(I)=MTCA(I  )*SQRT(DATAMW/MW(  I ) )
MTC(I)=MTCA(I  )/TEMP

ANO WRITE THE OVER-ALL MASS-TRANSFER COEFFICIENT
IN M/HR AND MOLE/HR*ATM*M*M.

WRITf (IOU.3690)  I,MTCA(I),MTC(I)
CONTINUE
sPGRB=141.5/(APIB+131  .5)
MASS=O.  1582*BBL*SPGR@

[
WRITE 10U,38EM) BBL,MASS
FORMAT /,lX, *FOR THIS SPILL OF ‘,lPE10.3,’  BARRELS, THE

! MASS IS *,lPE10.3,’ METRIC TONNES’)
VOLUMB=VOLUM/0  .159

[
W R I T E  I O U , 3 8 1 O )  VOLUM,VOLUMB
FORMAT /,lX,’VOLUME  FROM SUMMING THE CUTS = ‘,1PE8.1,’  M**3

l,OR ‘,lPEIQ.3,’ BARRELS’)

[

GO TO 384@,3820,384@),  K M T C
W R I T E  IOU,383+3)  WINOS,WINDMH
FORMAT / , IX , ‘WIND SPEED = ‘,lPE10.3,’  KNOTS, OR ‘,lPE10.3

1 , ’ M/HR ‘ )

[
W R I T E  IOU,3850) DIA,AREA
FORMAT /,IX,’ INITIAL SLICK DIAMETER = ‘,lPE10.3,’  M, OR AREA

1 =  ‘,lpEle.3,’ M*02’)
IF(SPREAD.GT.0.

1
GO TO 3870

WRITE (IOU,3860
FORMAT(/,lX,’THIS  SLICK DOES NOT SPREAD FOR THIS CALCULATION’)

CALCULATE THE KINEMATIC VISCOSITY OF THE CRUDE AT 122
DEG F AND THE ENTERED ENVIRONMENTAL TEMPERATURE.
USE THE VISCOSITY MIXING RULE OF (MOLE FRACTION)*(LOG),
SEE PAGE 460 OF REID, PRAUSNITZ  & SHERWOOD IN
THE BOOK ‘THE PROPERTIES OF GASES AND LIQUIDS’

vIsMlx=e.
DO 388e I=l,NCUTS
VISMIX=VISMIX+MOLES(  I)*VLOGK(I)/TMOLES
CONTINUE
VISMIX=EXP(VISMIX)

[
W R I T E  IOU,3890)  VISMIX
FORMAT /,lX,’KINEMATIC  VISCOSITY OF THE RULK CRUOE  FROM

1 THE CUTS = ‘,1PE8. 1,’ CENTISTOKES  A T  1 2 2  DEG F ’ )
vssMIx=e.

SCALE THE VISCOSITY WITH TEMPERATURE ACCORDING TO
ANDRADE.

EXPT=EXP(1923.  ● (1./XSAVE-0.00l 721))
DO 3900 I=l,NCUTS
VIS(I)=VISK(  I)*EXPT
VLOG(I)=ALOG(VIS(  I ) )
VISMIX=VISMIX+MOLES(  I)*VLOG(  1)/TMOLES
CONTINUE
VISMIX=EXP(VISMIX)
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C
C
C 2'
C
C
C 5.

60100
6e2ee
60300
6 0 4 0 0
60500
60600
60780
60800
60900
lj~gee
611ee
6 I 2ee
6 1 3 e 0
6 1 4 e e
615ee
616ee
617ee
618ee
619ee
62eee
621ee
622ee
623e@
624e0
625ee
62606
627ee
628ee
629ee
63eee
631e0
632ee
633ee
6340e
635ee
636ee
637ee
638ee
639ee
64eee
641ee
642ee
643ee
644ee
645e0
646ee
647ee
648ee
649ee
65eee
651ee
6520e
653ee
654ee
65500

[
wRITE Iou,391e)  VISMIX,XPRINT,  EXPT

3916 FORMAT /,lX,’KINEMATIC  VISCOSITY OF THE BULK CRUDE FROM THE
1  C U T S  = ‘,1PE8.1,’  AT T = ‘,ePF5.1,’ D E G  F ,  s c A L E
2 FACTOR = ‘ ,1PE8.1)

c
IMPORTANT NOTE: THE VISCOSITY PREDICTION OF THE WHOLE

; CRUDE FROM CUT INFORMATION IS NOT GOOD AT ALL. SO THE
VISCOSITY INFORMATION CALCULATED ABOVE IS NOT USED IN

E THIS VERSION OF THE CODE, BUT IT COULD BE IF A GOOD
c MIXING RULE IS EVER DETERMINED.
c THEREFORE, FOR THE TIME BEING, THE VISCOSITY OF THE WHOLE
c WEATHERED CRUDE IS CALCULATED ACCORDING TO MACKAY.
c
c NOW LOAD
c OF THREE
c 1 .

THE VISCOSITY INFORMATION IN THE FORM
CONSTANTS:
THE VISCOSITY IN CP AT 2S DEG C
THE ANDRADE-VISCOSITY-SCALING  CONSTANT
WITH RESPECT TO TEMPERATURE, SEE GOLD &
O G L E ,  1 9 6 9 ,  C H E M .  ENG.,  JULY 14, P121-123
THE VISCOSITY AS AN EXPONENTIAL FUNCTION OF
THE FRACTION OF OIL WEATHERED

IF(LSWTCH.EQ.99)  GO TO 3936
TYPE 3920

3 9 2 e  FoRMAT(Ix,  osINcE A L I B R A R Y  C R U D E  W A S  N O T  U S E D

1,’,/,lX,’ENTER THE FOLLOWING THREE VISCOSITY CONSTANTS’)
GO TO 3.956

3 9 3 0  T Y P E  3946
3946 FORMAT(lX,’DO  YOU WANT TO ENTER NEW VISCOSITY CONSTANTS?’)

A C C E P T  39e, ANS

IF(ANS.EQ.  ’N’) GO TO 3990
3956 T Y P E  3966
3966 FORMAT(lX,’1. ENTER THE BULK CRUDE VISCOSITY

1 AT 25 DEG C ,  C E N T I P O I S E ,  T R Y  3 5 . * )
A C C E P T  286, VISZ
TYPE 3976

3 9 7 e  FORMAT(IX,02.  E N T E R  T H E  vIscosITY T E M P E R A T u R E  scALING
I C O N S T A N T  (ANDRAOE).  TRY 9eee.*J

3 9 8 e

:
c
3 9 9 e

c

A C C E P T  286; M K 3  -
.

TYPE 3986
FORMAT(lX,’3. ENTER THE VISCOSITY-FRACTION-OIL

l - W E A T H E R E D  CONSTANT,  TRY le.s’)
ACCEPT 28i3, MK4
GO TO 4606

USE THE LIBRARY VISCOSITY DATA

VISZ=VISZL(IC)

H
MK3=MK3L  Ic
MK4=MK4L Ic

INSERT VISCOSITY CALCULATION ACCORDING TO MASS
FRACTION EVAPORATED. THIS IS THE VISCOSITY
MODIFICATION RELATIVE TO CUTVP1
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100
2 0 0
30e
40e
see
6ee
7ee
s e e
9ee

I eee
llee
I 2ee
I 3ee
14ee
I s e e
I 6ee
I 7ee
I 8ee
19ee
2eee
21ee
220e
2 3 e e
2 4 e e
25ee
26ee
2 7 e e
28ee
29ee
3eee
31ee
3 2 e e
3 3 e e
3 4 e e
35ee
36ee
3 7 e e
38e0
39ee
4eee
41ee
420e
4 3 e e
4 4 e e
4 5 e e
4 6 e e
4 7 e e
48e0
49ee
5eee
51ee
52ee
530e
5 4 e e
55ee
56ee
57ee
58ee
59ee
6eee

4000 VSLEAD=VISZ*EXP(MK3*(l./TK-O  . 0 0 3 3 5 7 ) )

[
WRITE  IOU,4O1O) VISZ,MK3,MK4,VSLEAD

4010 FORMAT /,lX,’VISCOSITY ACCOROING  TO MASS EVAPORATED:
1  VIS25C =’,1PE9.2, * ,  ANDRAOE  =’,1PE9.2
2 , ’ , FRACT WEATHERED =’,1PE9.2’, VSLEAII  =’,1PE9.2
3 . ’  CP”)
c2p=i.jc2
W RI TE  “(Iou,43ee)  cl,c2P.c4
NEQ=NCUTS

SET UP THE DISPERSION PROCESS CONSTANTS.
CALCULATE THE FRACTION OF THE SEA  SURFACE SUBJECT TO
DISPERSIONS/HOUR .

TYPE 4e2e

NEW DISPERSION

CONSTANT, TRY 8.1”)

4020 FORMAT(lX,’DO  YOU WANT THE WEATHERING TO OCCUR WITH
1 DISPERSION?’)

ACCEPT 390, ANS
FRACTS=O.

[
I F  ANS.EQ.  ’N’) G o  T o  4e8e
IF LSWTCH.NE.99)  GO TO 4040
TYPE 4e3e

4 0 3 0  FORMAT(lX, ‘DO YOU WANT TO ENTER
1 CONSTANTS?’)
A C C E P T  39e, ANS

IF(ANS.EQ.  *N’) GO TO 4070
4 e 4 e  TYpE 4e50
4050 FORMAT(lX, ‘ENTER THE WIND SPEED

ACCEPT 280, KA
TYPE 4060

4060 FORMAT(lX,’ENTER THE CRITICAL DROPLET SIZE CONSTANT
1, TRY 50’)
ACCEPT 280, KB

4 e 7 e  FRAcTs=KA*  (l.+w1NDMs)**2
4e8e  W R I T E  Iou,4e9e)  F R A c T s

[4 e 9 e  F O R M A T  /,IXo*THE  F R A C T IO N A L  S L I C K  A R E A  su8JEcT  T O

1 D ISPERSION IS  ‘,1PE8. 1,” PER HOUR’)
IF(ANS.EQ.  ’N’) GO TO 4110
wRITE  (Iou,41ee)  KA,K6,sTEN

41e0 FORMAT(IX,  STHE  D i Sp e rS i O n  P a r a me te r S  U S E D: KA=’
1,1PE9.2,’,  KB = ‘,1PE9.2,’, S U R F A C E  T E N S I O N  = ‘,1PE9.2
2 , ’ DYNES/CM’)

c
c P R I N T  E V E R Y  x p  T I M E  I N C R E M E N T  (HOURs).
c Xl IS THE STARTING TIME = 0.
c X2 IS THE NUMBER OF HOURS FOR WEATHERING TO OCCUR.
c
4tle  Xp=l.

Xl=e.
MOLS(NCUTS+l  )-A R E A

c
c PRINT AN OUTPUT FILE FOR 80 COLUMN OUTPUT, THIS IS

T H E  CUTVP2.TYP  FILE.
:

WRITE(ITY,4120)
4 1 2 0  FORMAT(lH1, ‘OPEN OCEAN WEATHERING’)

IF(NIP.NE.  1.AND.NBI.NE.1)  GO TO 4180
WRITE(ITY,4130)

4 1 3 0  FORMAT(lX,  ’AFTER:’)
IF(NIP.NE.1)  GO TO 4150
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6 1 0 0
620e
6 3 e e
6 4 e e
65ee
6 6 e e
6 7 e e
6 8 e e
6 9 e e
7 e e e
71ee
72ee
7 3 e e
7 4 e e
75ee
76e0
7 7 e e
7 8 e e
7 9 e e
8 e e e
81ee
82ee
83ee
8 4 e e
8 5 e e
8 6 e e
870e
88e0
8 9 e e
9 e e e
91ee
9 2 e e
93ee
9 4 e e
9 5 e e
9 6 e e
97e0
9 8 e e
990e

I e e e e
Ielee
I e 2 e e
I e3ee
1 e4ee
1 e5ee
I e6ee
1 e7ee
I e8ee
I e9ee
I I eee
iltee
I 12ee
I  13ee
I 14ee
I 15ee
1 160e
1 I 7ee
1 I aee
I 19ee
t 2eee

4~4e
415e

416e
417e
4 1 8 e
419e

4 2 e e

421e

4 2 2 e

4 2 3 e

4 2 4 e

4 2 5 e

4 2 6 e

4 2 7 e

4 2 8 e
4 2 9 e

4 3 e e

431e

4 3 2 e

4 3 3 e

4 3 4 e

4 3 5 e

4 3 6 e

4 3 7 e

43ae

4 3 9 e

WRITE(ITY,4149)  NHIP
FORMAT(9X, ‘ICE POOL WEATHERING FOR ‘,1PE9.3,’  HOURS”)
CONTINUE
IF(NBI.NE.1) GO TO 4170
WRITE(ITY,416e)  NHBI
FORMAT(9X,’BROKEN  ICE FIELD WEATHERING FOR ‘,1PE9.3,’  HOURS*)
CONTINUE

\

wRrTE  ITY,4190)  (ANAME(J),J=l  ,5)
FORMAT /,lX,’OIL: ‘,5A5)
W R I T E  ITY,4200)  XPRINT,WINDS
F O R M A T  lX,’TEMPERATURE-  ‘,F5.1, ” DEG F, WIND SPEED=  ‘

1,F5.1,’ KNOTS ‘ )

/

W R I T E  ITY,4210)  RBL
F O R M A T  lX,’SPILL SIZE=  ‘,lPEle.3,’  BARRELS’ )
W R I T E  ITY,4220)  K M T C
FORMAT lX,’MASS-TRANSFER  COEFFICIENT COOE=’.I3)

(W R I T E  ITi,423e)
.

FORMAT /,lX, ‘FOR THE OUTPUT THAT FOLLOWS, MOLES
l=GRAM MoLEs’)

[

W R I T E  ITY,424LI)
FORMAT lX,’GMS=GRAMS,  VP=VAPOR PRESSURE IN ATMOSPHERES*)
W R I T E  ITY.425e)

[

F O R M A T  lX,’BP=BOILING  POINT IN DEG  F,  API-GRAVITY’)
W R I T E  ITY,426e)
FORMAT lX,’MW=MOLECULAR  WEIGHT’)
W R I T E  ITY,4270)
FORMAT /,2X,’CUT’,3X,’MOLES’,6X ,’GMS’,8X,  ’VP’,8X,’BP’

1 , 7 X ,  ’API’,5X.’MW’)
DO 4290 I=l,NCUTS”
-~L;;(I)*MW(I)

[WRITE  ITy,428e) I,MoLEs(I),GMs,vP(I ),T8(I ),ApI(I), IMW
FORMAT(3X,  12,5(IX,1PE9.2),  1X,13)
CONTINUE

[
wRITE ITy,43ee) c1,c2P,c4
F O R M A T  /,Ix,’MOUssE C0NSTAN7S:  MOONEY-*,1PE9.2

1 , ’ , M A X  H2e=’,ePF5.2,’,  WIND**2=’

[

,1PE9.2)
W R I T E  ITY,4319)  KA,KB,STEN
FORMAT lX,’DISPERSION  CONSTANTS: KA=’,1PE9.2

1 , ’ ,  KBw’,1PE9.2,’, S-TENSION=’,  1PE9.2)

[
W R I T E  ITY,4320)  VISZ,MK3,MK4
FORMAT lX,’VIS CONSTANTS: VIS25C=’,1PE9.2

1 , ’ , ANDRADE  =’,1PE9.2,’, F R A C T  =’,1PE9.2)
WRITE (ITY,4339)

!FORMAT /,lX,’FOR THE OUTPUT THAT FOLLOWS, TIME=HOURSO)
W R I T E  ITY.434e)

[

FORMAT 1X,  ;BBL=6ARRELS,  SPGR=SPECIFIC  GRAVITY, AREA=M*M’)
W R I T E  ITY,435e)
FORMAT lX,’THICKNESS=CM,  W-PERCENT WATER IN OIL (

lMOUSSE)’)

I

W R I T E  ITY,4360)
FORMAT lX,’DISP=OISPERSION  RATE IN GMS/M*M/HR’)
W R I T E  ITY,4379)
FORMAT lX,’ERATE=EVAPORTION RATE IN GMS/M*M/HR’)
W R I T E  ITY,438e)

{

F O R M A T  lX,;M/A=kASS  PER M*M OF OIL IN THE SLICK’)
W R I T E  ITY,439e)
F o R M A T  lX, SI=FIRST  CUT WITH G R E A T E R  T H A N  I% (MASS)

1 REMAINING’)
WRITE (ITY,44ee)
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121ee
t 2200
t 23ee
I 24ee
I 25ee
I 26ee
I 27ee
128ee
I 29ee
I 3eee
131ee
132ee
133ee
I 34ee
I 35ee
136ee
I 37ee
138ee
I 39ee
t 4efae
14~ee
I 42ee
143ee
I 4 4 e e
t 45ee
I 46ee
14700
148ee
149ee
i 5e0e
151ee
152ee
153ee
154ee
I 55ee
156ee
f 57ee

4400 FORMAT(lX,’J=FIRST CUT WITH GREATER THAN 5e% (MAsS)
1 REMAINING’)

IF(FRACTS.NE.0.
1

G O  TO 4420
WRITE

[
ITY#441e

4410 FORMAT fX, ”DISPERSION  WAS  TURNED OFF’ )
4 4 2 0  IF(SPREAO.NE.9.

1
GO To 444e

[
W R I T E  ITY,4436

4430 FORMAT lXO ’SPREADING WAS TURNED OFF’)
4 4 4 0  TCODE=KMTC

TYPE 4450
4450 F O R M A T ( / , l X , ’ P L E A S E  W A I T ’ )

CALL BRKG4(MOLS,X1,X2,XP,NEQ,NOEL)
4460 CONTINUE

WRITE(IOU,4470)
447e foRMAT(//,lx,’*~***~*~*  FINAL OVERALL MASS BAL ANCE FOR p A R E N T

1  O I L  * * * * * * * * * * * ’ )
CHECK=TMASS+TME+TMD+DELMAS
D O  4486 I=l,NG
FMF(I)=6.

4480 CONTINUE
DO 4490 I=l,NEQ
FMF(I+NG}=YMI(  1)/MASSAV(I+NG  )

4490 CONTINUE
wRITE(Iou,450e)

\

45ee F o R M A T  /,Ix,*FINAL  MASS  F R A C T I O N S  O F  cuTs:*)
WRITE  xou,451e)  (FMF(I), I=1,NE9+NG)

4516 F O R M A T  1 1 ( 1 X , 1 P E 1 O . 3 ) )
FR=TMAss/TMAsAv
WRITE(IOU,4520)FR

4 5 2 0  FORMAT-(lX,  ”FRACTION  ( B A S E D  O N  M A S S )  REMAINING=  ‘ , 1 P E 1 O . 3 )
WRITE(IOU,4530)  TMASS,TMD,TME,DELMAS,CHECK

4530 FORMAT(lX,’MASS  REMAINING=  ‘ , 1PE9.3 ,1X,  ”MASS DISPERSED=  ‘,1PE9.3.
llX,’MASS EVAPORATED= *,lPE9.3,iX,’MASS DELETED= ‘
2, 1PE9.3,1X,  ”TOTAL= ‘,1PE9.3)
WRITE(IOU,4540)  TMASAV

4 5 4 e  FORMAT( lx, ’ O R I G I N A L  MASS= s,1pE9.3)
4550 E N O
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t 00
200
300
3 5 0
3 7 5
400
5e0
60e
7ee
8ee
9ee

I eee
1100
1200
I 3ee
14ee
I 5e0
I 6ee
17ee
18e@
190e
2eee
2iee
2 2 e e
2 3 6 0

REAL*4 MW,MOLS,KA,KB,MOLES,MTC,MWU  ,K,K0,MK,MW1,K11,MK4
1,MK3L,MK4L,MTCA,KH,KOIL,KAIR  ,MASS,MK3,MOLSAV,MLSAV,MASSAV
2,NHIP,NHBI

CHARACTER*5 ANAMEL,ANAME
CHARACTER*1O FNAME

COMMON /LIST1/TBL(6,30),APIL(6,30) ,VOLL(6,30),ANAMEL(6,5)
l,DEsc(30,5),VOL(30),Ap16L(6)  ,ANAME(5)
2,C1L(6),C2L  6),C4L(6),STENL(6),VISZL(6) ,MK3L(6)

[3,MK4L(6 ,TB 30)
14,API(30 ,SPGR(30),MW(30),MOLES(30),RHO(30)  ,MTC(30),MTCA  3@

[)
[15,HLAW  30 ,VLOGK(30),VLOG(30),VP(30)  ,VISK(30),VIS(30),YM 30

6,GONE  3 0  ,T10(30),MLSAV(30),MASSAV(30)
7,uop(3e),cI(3e),ospGR(3e)  ,oApI(3e),ouop  s e

[16,TC(3@),VC(30),PC(30),HVAPl  (30),A(30),B  30
9,HVAPZ(30),CNUM(30)  ,DELH(3@),DELHTB(30)  ,EM(30)
l,Mwu(3e),vpI(3e),vfRAc(lee)  ,wrI(3e),TeNN(lee)  ,Ke(3e),MK(3e)
2,TMPVP(30),TMPDS(30)  ,YMl(30),MOLS(30)
3,K(30),YSAVE(30)  ,YMSAVE(30),YF(30)
4, FRACTS,DISPER,Z,TERM2,SPREAD ,KB,WINDS,CI,C2,C3,C4,K11  ,MK4
5*APISWI,APIB,KH,KOIL,KAIR  ,MASS,MK3,MW1,TC1,VC1,PC1,CNUM1  ,VIS1
6,VSLEAD,STEN,DCRUDE,BM,  TMOLES,WTMOLE,MOLSAV, TME,TMD,FE,HOUMOU
7,TMASAV,C3SAVE,NHIP ,NHBI,TMASS,DELMAS,SPRFAC,TE

COMMON /LIST2/ NCTS(6),  ITEML(6),  ISAMPL(6)  ,NC(3e)
1,NS(30),NEQ1  ,NEQ2, NEQ3,10U,  IPU,ITY,NC1  ,NCUTS,KMTC,MOUSWI
2, LINE,NIP,NBI,NQUIT,  ITEM, ISAMP
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c
c
c
c
c
le

c
c
c
c

c
c
c
c

Ze

c
c
c

c
c

30
c
c
c
c

c
c
c
4 0

SUBROUTINE DOCHAR
INCLUDE ‘VARI.FOR’

THIS SUBROUTINE CHARACTERIZES THE CUTS. IF THE LAST CUT IS
RESIDUUM DO NOT CHARACTERIZE IT BUT USE A VAPOR
PRESSURE OF 0. AND A MOLECULAR WEIGHT OF 600.

wwwe’
NV-1  MEANS  No REsIolJtJM  CIJT PRESENT.
NV-2 MEANS A RESIDUUM IS PRESENT.

Nv=l
NC1=NCUTS
D O  90 I=l,NCUTS

[1
S P G R  I =141.5/(API I +131.5)

[1S P G R  I  =0.983*SPGR  I

IF APISWI=l  (PREVIOUS WEATHERING HAS OCCURED), CALCULATE
A NEW BULK API GRAVITY

DCRUDE=O.
DO 20 J=l,NCUTS
DCRUDE=((VOL(J)*SPGR(J))/100)+DCRUOE
CONTINUE
APIB=(141.5/DcRuDE)-131.5
TBN=TB(I)

CALCULATE U.O.P. K-FACTOR AND CORRELATION INDEX

1
UOP(I)=(  (TB(I)+459.  ● * . 3 3 3 3 3 ) / s P G R ( I )
CI(I)=(473.  7*SPGR(I  )-456.8+(49339/(((TB(I)-32.  )/1,8)+273.))
APIN=API(I)

THE RESIDUUM CUT IS IDENTIFIED BY A NORMAL BOILING
POINT OF 850. LOOP AROUND THE NV=2 SWITCH IF A
RESIDUUM IS PRESENT. NC1 IS THE NUMBER OF PSEUDO COMPONENTS
WITH FINITE VAPOR PRESSURES.

IF(TBN.LT.850.) GO TO 30
Nv=2
NC1=NCUTS-1
CALL CHAR(APIN,TBN,AN,BN,NSN,NV)

THE CHARACTERIZATION SUBROUTINE RETURNS THE LOG1O OF THE
KINEMATIc  V I S C O S I T Y  (cENTIsTOKEs)  A T  1 2 2  D E G  F.

VISK(I)=10.**VISl
VLOGK(I  )=ALOG(VISK(I))
GO TO (40,90) ,  NV

STORE THE CUT INFORMATION FOR A NON-RESIDUUM CUT.

NS(I)=NSN

[1
A I =AN
B I =BN

{1

MW I  =MWl
TC I  =TC1
T C  I  =TC(I)+459.
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c

:
c

50

c

:
w
70

:
c
80
c
c
c
c
c
c

90
c
c
c

100

110

120
130

[1Vc I A/c 1
Pc I -PC 1
CNUM(I)=CNUM1

FIND THE TEMPERATURE AT WHICH THE VAPOR PRESSURE IS 10 MMHG
BY USING NEWTON-RAPHSON WITH TB AS THE FIRST GUESS.

NC(I)=O
YTEN=ALoGle(O.01315/Pc(I))
x=(TB(I)+459.)/Tc(I

1Ex=ExP(-20.*(x-B(I)  * * 2 )
Y=-A(I)*(l.-X)/X-EX
YOBJ=Y-YTEN

[
VP(I)=PC 1)816.**Y
TEST=ABS  VP(I)-0.01315)

{

IF TEST.LT.@.@01315)  GO TO 80
NC I)=NC(I)+l
IF NC(I).GT.20)  GO TO 60
DY=A(I)/(X*X)+4@.*(X-B(I  ) ) *EX
BI-yOBJ-Dyq)(

)(--8I/~y

GO TO 50

UNSUCCESSFUL EXIT FROM NEWTON-RAPHSON

T Y P E  7 0 ,  I,X,Y

[
FORMAT 1X,’TIO FAILURE FOR’ ,14,’ AT T = ‘,lPE10.3,’ W H E R E

1 LOG1O P) = ‘,-lPE10.3)
GO TO 460

SUCCESSFUL EXIT FROM NEWTON-RAPHSON

TIO(I)=X*TC(I)

CALCULATE THE HEAT OF VAPORIZATION AT 10 MMHG WITH THE
CLAPEYRON  EQUATION AND USE WATSONS METHOD FOR THE
V A P O R  P R E S S U R E  B E L o w  le MMHG. SEE GAMSON  AND WATSON,
1944, NATIONAL PETROLEUM NEWS, R-258 TO R-264.

TR2=Tl@(I)\TC(I)
EX=92.12*(TR2-B(  I))*EXP(-2@  .*(TR2-B(1))**2)
HVAP=l.987*Tl13(I)*Tltij(I)*(2,303*A(  1)/(TR2*TR2)+EX)/TC(I)

[]
HVAP1  I  =HVAP/MW(I)
H V A P Z  I =HVAP/(1.-TR2)**@.38
CONTINUE

END OF TRUE-601LING-POINT  CUTS CHARACTERIZATION

[
wRrTE  Iou,lee) (ANAME(I),I=l  ,5)
FORMAT lH1, $SUMMARY  OF TBP CUTS CHARACTERIZATION FOR: ‘

1 ,5A5)
IF(NIP.NE.  1.AND.NBI.NE.1)  GO TO 15@
WRITE(IOU.llQ)
FORMAT(lX,’AFTER:  ‘)
IF(NIP.NE.1)  GO TO 130
WRITE(IOU,12t!)  N H I P
FORMAT(8X,’ICE  POOL WEATHERING FOR ‘,1PE9.3,’  HOURS’)
CONTINUE
IF(NBI.NE.1) GO TO 15Q
WRITE(IOU,14Q)  NHBI
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1 *U
150

160

17%
180

190

2ee
2 1 0

2 2 e

230
2 4 e

2 5 e

2 6 0

2 7 e

2 8 0

2 9 e

30e

sle

3 2 0

33e

34e

350

3 6 e

3 7 0

38e

3 9 e

4ee

4fe
4 2 e

..- FORMAT(8X,’8ROKEN  ICE FIELD WEATHERING FOR “,1PE9.3.’ HOURS’)
CONTINUE

.

[

W R I T E  IOU,160)
F o R M A T  /,lx,’coDE  VE RS ION IS  CUTICA  OF M A y  840)
W R I T E  IOU,170) ITEM,ISAMP
F O R M A T  lX,’ITEM ‘,15,’ , SAMPLE ‘,15]
CONTINUE

[
W R I T E  IOU,190)
F O R M A T  /,8x,”T8’,7x,’APID,6x,IsPGR  *,7x, *voLJ,8x, *MwD,ax

1 ,  ’Tc’,i3x, ’pc’,8x,’vc’  ,8x, ”A’,9x,  ”B*,8x,’T10 ‘,7x, *vIs)
2,4X,  ’NC NS’)

0 0  21B  I=l,NCUTS
WRITE (IoU,200) I,T6(I),API(I),SPGR(I)  .VOL( I),MW(I),TC(I)

l,PC(I),VC(I),A(  I),B(I),TIB(  I),VISK(I),NC(I  ),NS(I)
FoRMAT(lX,  12,12(1X,IPE9.2),  2 ( 1 X , 1 2 ) )
CONTINUE
wRITE(Iou,22e)
FORMAT(//,7X,’UOP  K’,4X,’CORRELATION  I N D E X ’ )
DO 240 I=l,NCUTS
WRITE(IOU,23t3)  I,UOP(I),CI  (I),(DESC(I,J  ,  J - 1 , 5 )
FORMAT(lX,  12,1X,1PE9.2,7X,  1PE9.2,7X,5A5 1
CONTINUE

10U,25I3)  AP16
//,lx,*8uLK  A P I  GRAvITy  = *,F5.1)

B = NORMAL BOILING TEMPERATURE, DEG F’)

= API  GRAVITY’)

= VOLUME PER CENT OF TOTAL CRUDE’)

MOLECULAR WEIGHT’)

1

W R I T E  IOU,30B)
FORMAT lX,’TC = CRITICAL TEMPERATURE, DEG RANKINE’)
W R I T E  IOU,310)

{
FORMAT lX,’PC = CRITICAL PRESSURE, ATMOSPHERES’)
W R I T E  IOU.32B)

{

FORMAT lX,;VC = CRITICAL VOLUME. CC/MOLE’)
W R I T E  IOU,33B)
FORMAT 1X,*A AND B ARE PARAMETERS IN THE VAPOR PRESSURE

1 EQUATION’)

[
W R I T E  IOU,34B)
FORMAT lX,’T1$3  IS THE TEMPERATURE IN DEG R WHERE THE VAPOR

1 P R E S S U R E  IS  le MM HGC)
WRITE (IOU.35B)
FORMAT/lX,;VIS’IS  THE KINEMATIC VISCOSITY IN CENTISTOKES

1  A T  1 2 2  DEG F ’ )
WRITE(IOU,360)
FORMAT(lX,’UOP  K IS THE U.O.P. K CHARACTERIZATION FACTOR’]
WRITE(IOU,37B)

[
F O R M A T  lX,’CORRELATION  INDEX IS DEFINED IN (COLEMAN, 197S)’)
WRITE  IOU,380)

IFORMAT lX.’NC = ERROR CODE, SHOULD BE LESS THAN 2t3’)
W R I T E  IOU,39B)
FORMAT lX,’NS = ERROR CODE, SHOULD BE EQUAL TO 1’)
W R IT E  Iou,4ee) N c u T s
FORMAT lX,’IGNORE  THE ERROR CODES FOR COMPONENT NUMBER ‘,12

1,’ IF IT  IS A RESIDUUM’)

[
W R I T E  IPU,42B) ITEM, ISAMP
FORMAT 215)
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[
wRITE 1Pu,439)  (ANAME(I),  I=I,5)
FORMAT 5A5)

THE CUTVP2.PLT  PLOT FILE IS WRITTEN AS:
1.

::
4 .

5 .

6 .

::

ITEM AND SAMPLE NUMBER ON 215
THE CRUDE NAME ON 5A5
NCUTS  ON 15
BOILING POINT IN DEG F OF EACH CUT ON
le(lx,lpEle.3).
TEMPERATURE IN DEG F OF EVAPORATION, XPRINT
WIND SPEED IN KNOTS, WINDS
KA AND KB IN THE DISPERSION EQUATION,
SURFACE TENSION IN DYNES/CM, STEN
VOLUME OF THE SPILL IN BARRELS, BBL
Cl, C2, ANO C4 IN THE M O U S S E  E Q U A T I O N ,
KMTc,  M A s s  TRANSfER  C O E F F I C I E N T  C O D E  ( F L o A T E D ) .
A L L  ON 1 O ( 1 X , 1 P E 1 O . 3 ) ,
NUMBER OF CUTS+l  ON 15
TIME, MASS OF CUTS, AREA ON 1O(IX,IPE1O.3)
TOTAL MASS FRACTION REMAINING IN THE OIL
SLICK FOR EACH TIME STEP PRINTED ON
le(lx.fpEle.3)

ITEMS 6 AND 7 ABOVE ARE WRITTEN FOR EACH TIME STEP
WITH THE FIRST TIME STEP BEING ZERO. WHEN THE
VERY LAST TIME STEP IS WRITTEN THEN ITEM 8 IS WRITTEN.

THE NUMBER OF LINES WRITTEN ON THE CUTVP2.PLT  PLOT FILE
REFERS TO THE NUMBER OF ‘TIMES* WRITTEN THROUGH
ITEMS 6 AND 7 ABOVE.

\

W R I T E  IPU,44@)  NCUTS
FORMAT 15)
W R I T E  IPu,45e) (TB(I  ,I=I,NCUTS)
FORMAT 1O(1X,1PE19.3) 1
CONTINUE
RETURN
END
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

Ie

c
c
c

SUBROUTINE CHAR(API  1,TBI,A1,B1,NS1,NV)
INCLUDE ‘VARI.FOR’
DIMENSION T(2,6),C(2,6),P(4),V(2,6)
D A TA ((C(I,J),J=l,6),I=l,2)/6  .241E+el,-4.595E-e2,-2.836E-el

1,3.256E-@3,4.  578E-@4,5.279E-@4
2,4.268E+@2,-l  . 0 0 7 , - 7 . 4 4 9 ,  1.38E-@2, 1.047E-@3,2.621E-@2/

D A T A  ((T(I,J),J=l,6),I=l,2)/4.@55E+@2  ,1 .337,-2. 662,-2.169E-@3
-4.943E-@4,1  .454E-@2

;;412.2,  1.276,-2.865,-2.880E-03,-3 .707E-04,2.888E-02/
D A T A  p/1.237E-02,e.2516,4.e39E-e2  ,-4.e24E-e2/
D A T A  ((v(I,J),J=l,6),I=l,2)/  -e.4488,-9 .344E-e4,e.e1583
-5.219E-@5.5.  268E-@6, 1.536E-@4

;:-0.6019, 1.793E-@3,-3.  159E-03,-5. lE-@6,9.@67E-@7  ,3.522E-@5/

THIS SUBROUTINE CHARACTERIZES A CUT OF CRUOE OIL WITH RESPECT
TO VAPOR PRESSURE. THE INPUT REQUIRED IS API GRAVITY ANO THE
BOILING POINT AT 1 ATMOSPHERE. THE OUTPUT IS A SWITCH NS
WHERE NS1=l  MEANS THE VAPOR PRESSURE EQUATION CAN BE USED DOWN T
l@MM HG AND NS=2  MEANS THE CLAPEYRON EQUATION SHOULD BE USED.

THE VAPOR PRESSURE EQUATION IS:

L O G 1 O ( P R )  =  -A*(l.-TR)/TR  - EXP(-20*(TR-B)**2)

WHERE PR = REDUCED PRESSURE, TR = REDUCED TEMPERATURE AND
A AND B ARE RETURNED BY THIS SUBROUTINE.

API  = GRAVITY, TB = BOILING POINT AT 1 ATMOSPHERE IN DEG F.
CALCULATE CRITICAL TEMPERATURE AND MOLECULAR WEIGHT.

AP12=AP11*AP11
TB2=TB1*TB1
CROSS=API1*TB1
I-l
IF(API1.GT.35.)  1=2
VIS1=V(  I, 1)+V(I,2)*TB1+V{ I,3)*AP11+V(I,4)*CROSS+V(  I,5]*TB2

1+V(I,6)*AP12
GO TO (l@,30), NV
1=1
IF(TB1.GT.5@@.)  1=2
MWI=C(I,  I)+C(I,2)*TB1+C(  I,3)*AP11+C(I,4)*CROSS+C(  I,5)*TB2

1+C(I,6)*AP12
TC1=T(I,  1)+T(I,2)*TB1+T(I  ,3)*AP11+T(  I,4)*CROSS+T(I,5)  *T82

1+T(I,6)*AP12
TCK=(TCl+459.)/l  .8

CALCULATE THE VISCOSITY OF THE CUT.

I-1
IF(API1.GT.35.]  1=2
VIS1=V(I,l)+V(I  ,2)*TBI+V(  I,3)*AP11+V(I  ,4)*CROSS+V(I,5)*TB2

1+V(I,6)*AP12

CALCULATE THE CARBON NUMBER

CNUMl=(MW1-2.)/14.
x=ALoGl@(cNuMl  )

CALCULATE B FOR THE VAPOR PRESSURE EQUATION
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6100
6200
6300
6 4 0 0
6500
6600
6706
6800
6900
7000
71%0
7 2 0 0
73%0
7460
75ee
7600
7 7 0 0
7800
7900
aeee
81ee

BPRIME=P(1)+X*(P(2)+X*(P(3)+X*P(4)  ))
Bl=BPRIME-O.e2

c
c CALCULATE THE CRITICAL VOLUME, CC/GMOLE
c

VW=I.88+2.44*CNUM1
vcl=vw/e.e44

c
c CALCULATE THE CRITICAL PRESSURE IN ATMOSPHERES
c

PCP=20.8*TCK/(VCl  - 8 . )
pcl=pcp+le.
TR-(TBl+459.)/(Tcl+459.)
pRm~./pcl
NS1=l
IF(TR.LE.81)  GO TO 2e
Al_(ALoGle(pR)+Exp(-2@.  *(TR-Bl  )**2))*TR/(TR-l  .)
GO TO 3e

20, NS1=2
3e RETURN

END
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c
c
c

c
c

SUBROUTINE MACK
REAL*4 KAY,KAYO,MID,MOLEFT,MDH,MVO,  L@,LH
INCLUDE ‘VARI.FOR’
DIMENSION KAY(3@),KAY0(3@)

THIS SUBROUTINE CALCULATES THE INPUT  PARAMETERS FOR THE
MACKAY EVAPORATION MODEL

THE MACKAY EVAPORATION

DF = DTHETA *  H

WHERE DF IS THE CHANGE
IN ONE TIME INCREMENT,
DTHETA IS THE INCREASE
IS DEFINED AS:

DTHETA =  K*A*DT/V

EQUATION IS:

IN THE VOLUME FRACTION EVAPORATED
H IS THE HENRY’S LAW COEFFICIENT, AND

IN THE “EVAPORATIVE EXPOSURE”, WHICH

WHERE A IS THE SLICK AREA, DT IS THE TIME INCREMENT, V IS
THE SLICK VOLUME AT THE BEGINNING OF THE TIME INCREMENT,
AND K IS THE MASS TRANSFER COEFFICIENT.

FIRST DETERMINE WHICH CUTS EVAPORATE. FOR NOW USE CUTS WHICH
HAVE VAPOR PRESSURES GREATER THE N lxleE-e7 AT
ENVIRONMENTAL TEMPERATURE.

MAc=40
CUTOFF=l.eE-07
I CNT-Q
ICNT=ICNT+I
I F  (vp(IcNT)  .GT.cuTOFF)  G o  T o  10
ICNT=ICNT-I

CALCULATE HEAT OF VAPORIZATION USING RESULTS OF
FALLON AND WATSON

D O  2e 1=1, ICNT
AP12=API(I)*API  ( I )
TB2=TB(I)*TB(I)
CROSS=API(I)*T13(I)
DELH(I)=232.2-(L3.2441*TB(I)  )-(Q.6937*API(I))

1 - ( 3 .  583E-Q4*CROSS)+(1  .Q24E-Q4*TB2)+(1  .@37E-@4*AP12)
DELH(I)=DELH(I)*MW  I )

[DELHTB(I)=DELH(I)/  TB(1)+459.)
CONTINUE

CALCULATE MEAN (OELTAH/TB)  FOR “TROUTON’S  RULE”

SDH=Q
0 0  3e 1=1, ICNT
SDH=SDH+DELHTB  (1)
CONTINUE
MDH=SDH/ICNT

CALCULATE MOLAR VOLUME OF OIL

MVO=WTMOLE/DCRUDE

N o w  P E R FO RM A S I M P L E  (2ERO  pLATE)  BA T CH
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:
c
c

:

:

:
c

40

se

6e

70

8 0

90

100

110

c

:

:

120

130
c
c
c

:

:
c

:

DISTILLATION IN ORDER TO FIND THE BUBSLE  POINT VERSUS
VOLUME FRACTION DISTILLED CURVE. THE INTEGRATION IS
CARRIED OUT USING A FIRST ORDER RUNGA-KUTTA NUMERICAL
I n t e g r a t i o n  SCHEME  (S E E  GREENSPAN, 1 9 7 1 ) .

T V O L  I S  T H E  T O T A L  V O L U M E  O F  THE 6ATcii  (INITIALLy)  I N  METERS
CUBED . VOLU IS THE REMAINING VOLUME OF THE BATCH.
EM(I) IS THE NUMBER OF GRAM-MOLES REMAINING
IN EACH CUT. MOLEFT IS THE TOTAL NUMBER  OF MOLES LEFT.
LO IS THE TOTAL INITIAL NUMBER OF MOLES IN THE BATCH.

wRITE(MAc,4e)
FORMAT(lH?  ,2X, ‘x**x************  MACKAY PARAMETER CALCULATIONS

1  * * * * * * * * * * * * * * * * * * * ’ )
wRITE(MAc,5@)
FORMAT(/,2X,’THE MACKAY EVAPORATION MODEL IS DESCRIBED IN’)
wRITE(MAc*6e)
FORMAT(2X,’  (MACKAY ,1982)’)
wRITE(MAc,70)
FORMAT(2X,’THE  FOLLOWING ARE THE RESULTS OF A CALCULATION OF THE’)
WRITE(MAC,80)  (ANAME(I),I=l  , 5 )
FORMAT(2X,’  INPUT PARAMETERS FOR THE MACKAY MODEL FOR ‘,5A5)
T’T-TE-459.
WRITE(MAC,90)  TT
FORMAT(2X,’AT  ‘.1PE9.3,’  D E G R E E S  F ’ )
WRITE(tiAC,100)
FORMAT(//,2X,*SIMULATED ONE-PLATE BATCH DISTILLATION:’)
TVOL=BM
VOLU=BM
DO 110 I=l,NCUTS
EM(I)=MOLES(I)
CONTINUE
J=l
L@=TMoLEs

LH AND RH ARE THE ENDPOINTS FOR THE
ERROR THAT IS USED TO CALCULATE THE
REMAINING LIQUID.

[
LH91T8  1)+459.
RH=TB NC1)+459.
CONTINUE
MOLEFT-0.
DO 130 I=l,NCUTS
MOLEFT=MOLEFT+EM( 1)
CONTINUE

BEGIN TRIAL AND ERROR TO GET BUBBLE

D O  160 L=l,2@
YTOT=9  .
MID=(RH+LH)/2.

INTERVAL HALVING TRIAL AND
BUBBLE POINT  OF THE

POINT

THE SUBROUTINE VPIF RETURNS THE VAPOR PRESSURE OF THE
NON-RESIDUUM CUTS IN ATMOSPHERES AT THE TEMPERATURE
MID. MID IS THE CENTER OF THE INTERVAL OF INTERVAL HALVING.

CALL VPIF(MID,NC1)

WYI(I) IS THE THE MOLE FRACTION OF EACH CUT
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c

140

150

160
c
c
c
c

170

180

190

2 0 0
210
c
c

:

c
c
c

c
c
c

220

23@

2 4 0

:
c

IN THE VAPOR PHASE. YTOT IS THE TOTAL MOLE FRACTION OF CUTS.

DO 140 I=l,NC1
WYI(I)=(VP(I)*EM(I)/MOLEFT)
YTOT=YTOT+WYI  ( I )
CONTINUE
IF(YTOT.GT.1.)  GO TO 150
LH=MID
GO TO 160
CONTINUE
RH=MID
CONTINUE

VFRAC IS THE VOLUME
BU6BLE  POINT OF THE

FRACTION DISTILLED. TBNN(J)  I S  T H E
CURRENT FRACTION.

VFRAC(J)=l.-(VOLU/TVOL)
TBNN(J)=MID-459  .
WRITE(tiAC,170)
FORMAT(///,0XF’,7X,XTEMP(F)F)  ‘,5X,’Y S U M ’ )
WRITE(MAC,180)  VFRAC(J)  .T8NN(J).YTOT

{
F O R M A T  2X;3(lX,lPE10:3jj  -  “
W R I T E  MAC.190)
FoRMAT(//4x,  ‘1;,3X, ‘MOLES I’,5X,’VP(I)’,5X,’Y(I)’,/)
DO 210 I=l,NCI
WRITE(MAC,200)  I ,  EM(I),VP(I),wYI(I)
FORMAT(2X,  12,3(lX,lpEle.3)  )
C O N T I N U E

IF ALL OF THE LAST CUT WITH VAPOR PRESSURE [AT ENVIRONMENTAL
TEMPERATURE) GREATER THAN lXlOE-7  IS GONE

I F  (EM(IcNT).EQ.0.)  co T o  3 1 0
TMK=O  .

KO AND MK ARE INTERMEDIATE VALUES FOR THE

DO 230 I=l,NCI
KAYO(I)=-(0.05*L0)*(VP(I)  *EM(I)/MOLEFT)
MK(I)=EM(I)+KAYO(I)

THEN STOP INTEGRATION.

RUNGA KUTTA.

ZERO MK IF IT GOES NEGATIVE.

IF (MK(I).GT.0.)  GO TO 2 2 0
MK(I)=O.
CONTINUE
TMK=TMK+MK(I)
CONTINUE
IF(TMK.EQ.0.)  GO TO 310
I F  (NCI.EQ.NcUTs  G O  T o  2 4 0
TMK=TMK+EM(NCUTS 1
CONTINUE

RESET ENDPOINTS FOR SECOND HALF OF INTEGRATION.

RH=MID+l@e.
LH=MID-10e.
D O  270 L=l,20
YTOT=O .
MID=(RH+LH)/2.
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260

270
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c

280

E
c
c

290

3@@
c
c
c

310
c
c
c

320

CALL VPIF(MID,NC1)
D O  250 I=l,NC1
YTOT=YTOT+(VP(  I)*MK(I)/TMK)
CONTINUE
I F  (YTOT.GT.I.)  G O  T O  2 6 0
LH_M I D
GO TO 270
CONTINUE
RH=MID
CONTINUE
VOLU=6.
DO 290 I=l,NC1

[
KAY(I)=- 0.05*L0)*(VP  I ● MK(I)/TMK)

[1EM(I)=EM  1 ) + 0 . 5 * ( K A %  I  +KAY(I))

ZERO EM IF IT GOES NEGATIVE

[
IF  EM(I).GT.0.)  GO TO 280
EM 1)=0.
CONTINUE

CALCULATE THE REMAINING VOLUME. RHO IS THE DENSITY I N
GRAM MOLES PER METER CUBED.

~~kY~~~&u+EM(I  ) / R H o ( I )
IF(NC1.EQ.NCUTS)  GO TO 300
vOLU-VOLU+MOLES  (NCuTs)/RHO(NCUTS  )
CONTINUE

RESET THE ENDPOINTS AND RETURN FOR ANOTHER “TIME” STEP

LHXTBNN(J)+459  .
RH_LH+lOe.
J=J+l
GO TO 120
CONTINUE

NOW LEAST SQUARES THE TBNN VS. VFRAC OATA.

Sx=e
sY=@
sx2=@
sxY=@
sY2=e
DO 320 I=l,J
sx=sx+vFRAc(I)
SY=SY+TBNN(I)
SX2=SX2+VFRAC(  I)*VFRAC(I)
SY2=SY2+TBNN  I ● TBNN( I )

[1SXY*SXY+TBNN  I ● VFRAC( I )
CONTINUE
XM-SX/J
YMM-SY/J
BNUM-SXY-  SX*SY/J

[BDEN=SX2-  SX*SX/J 1
BEE=BNUM/BDEN
AA-y~BEE~xM

CALCULATE CORRELATION COEFFICIENT
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c

IFAC1=  SX2-SX*SX/J
FAC2=  SY2-SY*SY/J 1
RDEN=  FAC1*FAC2)**0.5
R=BNUM/RDEN

330

340
350

360

370

38@

390

400

410

42e

43e

448

4 5 e

4 6 e

47e

48e

49e

5ee

5te

PRINT OUT MACKAY PARAMETERS

WRITE (MAC,33e)
FoRMAT (/,6x,*DELTAH*,

14X, ‘DELTAH/TB’)
D o  35e 1=1, ICNT

[
W R I T E  MAC,34e)  I,DELH(  I),DELHT6(I)
FORMAT lX,12,5(lX,  lPEle.3))
CONTINUE

{

W R I T E  MAC,36e)
FORMAT //,2X,’WHERE:’)
W R I T E  MAC,37e)
FORMAT (2X, ’OELTAH  IS THE ENTHALPY OF VAPORIZATION IN BTU/LBMOLE’)

[
W R I T E  MAC,38e)
FORMAT 2X,”DELTAH/TB  IS THE TROUTONS RULE CONSTANT IN BTU/LEMOLE

l*DEG  R’)
CONTINUE

EAST SQUARES OF 8.P. VS. FRACTION EVAPORATED:’)

‘,lPEle.3,’  DEG R/FRACTION EVAPORATED’)

‘,lPEle.3,’  DEG F ’ )

OEFFICIENT:  ‘.lPEle.3)
WRITE {MAC,44e)  DCRUDE  ‘- “ “
F O R M AT (/,2X,ZEIULK  OIL D E N S I T Y :  ‘,lpEle.3,  * G R A M s / c c * )

I

W R I T E  MAC,45e)  M V O
FORMAT 2X, *BULK MOLAR VOLUME OF OIL: ‘,lPEle.3.’  CC/MOLE’)
WRITE MAC,46e)  M D H
FORMAT 2X, ”MEAN  TROUTONS RULE CONSTANT: ‘,lPEle.3,’ 8TU/LBMOLE

l*DEG  R’]

[
W R I T E  hAC,47e)
FORMAT //,2X,”AFTER  SIMPLIFICATION AND COMBINING TERMS, THE ‘

1)

[
W R I T E  MAC,48e)
FORMAT 2x. ’MACKAY EVAPORATION MODEL BECOMES:”)
AAA=MVOme.e1219/(((XPRINT-32  .)/1.8)+273.)
AAA=ALOG(AAA)
BBB=MDH/1.987
ccc=BBB/(xPRINT+459  .)
BBB=BBB+AAA
DDD-AA+459.

[
W R I T E  MAC,49e)BBB,CCC,DDD,BEE
F O R M A T  /,leX,’DELTA-F  = DELTA-THETA ● EXP( ‘,lPEle.3

1 , ’ - ’ *lPEle.3,’ (  ‘*lPEle.3,’ +  ‘, lPEle,3,’(F)))’)
EEE-CCC*DDD
FFF=BBB-EEE
GGG-CCC*BEE

[
W R I T E  MAC,5ee)
FORMAT /,15X,’OR’)
WRITE(MAC,51e)FFF,GGG
FORMAT(/,leX,’DELTA-F  =  D E L T A - T H E T A  *  EXP(  ‘,lPEle.3,’  - ‘,lPEle.3

l , ” ( F ) ) ’ )

52e CONTINUE
RETURN
END
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SUBROUTINE BRKG4(Y,X1,X2,XP,NEQ,NDEL)
INCLUDE ‘VARI.FOR’
REAL*4 K1,K2,K3,K4
DIMENSION Y(3@),YARG(30),K2(3@),Kl  (3@)  ,K3(3@),K4(3@)

RUNGA-KUTTA 4-TH OROER NUMERICAL INTEGRATION FOR SIMULTANEOUS
DIFFERENTIAL EQUATIONS, SEE C.R.  WYLIE, PAGEs lea-117 OR
D. GREENSPAN, PAGES 113-115.

THIS SUBROUTINE 00ES THE PRINTING, THE INITIAL AND FINAL VALUES
ARE ALWAYS PRINTED. PRINT THE RESULTS EVERY XP INCREMENT
IN X.

THE USER MUST WRITE SUBROUTINE FXYZ WHICH CALCULATES THE
Kl, K2, K3, AND K4 VECTORS AS A FUNCTION OF X AND THE
CURRENT Y VECTOR. INTEGRATION FOLLOWS THE REFERENCES ANO
WAS TESTED ON PROBLEM 5, PAGE 116 IN WYLIE.

THE FIRST NCUTS POSITIONS IN THE Y VECTOR ARE THE MOLES
OF THE COMPONENTS, POSITION NCUTS+l  IS THE AREA OF THE
SLICK. POSITION NCUTS+2  IS THE MASS LOST FROM THE SLICK
BY DISPERSION ALONE. POSITION NCUTS+3  IS THE MASS LOST
FROM THE SLICK BY EVAPORATION ALONE,

LINE KEEPS TRACK OF HOW MANY LINES ARE WRITTEN TO THE
PLOT FILE. NEQ1 IS THE NUMBER OF COMPONENTS+l. NS IS
A ROUTING SWITCH TO CHANGE THE PRINT INTERVAL. I N  I S
AN INPUT ROU.TING  SWITCH TO DELETE RAPIDLY CHANGING
COMPONENTS. GONE(LINE)  IS THE MASS FRACTION REMAINING
AT TIME STEP LINE. INT IS A SWITCH TO INDICATE WHEN THE
INTEGRATION HAS STARTED: INT=l,  NOT STARTED; INT=2,
STARTED. ITYP  IS A HEADER PRINT SWITCH FOR THE
8@-COLUMN  F I L E .

INT=l
ITYP=l
LINE=@
NEQ1=NEQ+l
NEQ2=NEQ+2
NEQ3=NEQ+3
NSS=l
lN=I
IKEEP=l
GONE(l)=l.
DISPER=@.

TOTAL IS THE INITIAL NUMBER OF MOLES.
TSAVE IS THE INITIAL MASS.

TOTAL=@.
TSAVE=@.
D O  le I-I,NEQ

CALCULATE AND SAVE THE INITIAL CONDITIONS.

YSAVE(I)=Y(I)
YMSAVE(I)=Y(I)*MW(I)
MWU(I)=MW(I)
TSAVE=TSAVE+YMSAVE( I)
TOTAL=TOTAL+Y( I)
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c
c
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20

3 0

4%

5e

6 0

7e
c
c
c

:
c

c
80
90

c
c

CONTINUE

SAVE THE INITIAL AREA.

YMSAVE(NEQ1 )=Y(NEQ1 )

INITIALIZE THE MASS LOST BY DISPERSION ALONE AND
EVAPORATION ALONE.

[1Y NEQ2 -0.
Y NEQ3 =0.

NDEL IS THE NUMBER OF COMPONENTS DELETED BECAUSE THEY
EVAPORATE TOO FAST. NFAST IS THE CURRENT ARRAY LOCATION
OF THE FASTEST MOVING COMPONENT.

NDEL=@
NFAST=@
x=x 1

INITIALIZE THE PRINT SWITCH TO FORCE A PRINT AND
SUBSEQUENT CALCULATIONS THE FIRST TIME THROUGH.

m=- 1,

[
WRITE” IOU,20)
F O R M A T  /,Ix,’cOUNT TH E  C U T S  IN  T H E  FOLLOWING  O U T P U T  F R O M  L E F T

1 TO R16HT*,/)

/

W R I T E  IOU,38)
FORMAT lX,’THE INITIAL GRAM MOLES IN THE SLICK ARE:’)
W R I T E  Iou,40) (Y(I),I=I,NEQ)
FORMAT ll(lx.lPEleI.3))

[
W R I T E  IOti,56)
F O R M A T  /,lX,DTHE  IN IT I A L  MASSES  (G R A M S) I N  T H E  S L I C K  A R E

4.*\

I‘WR+TE IOU,40) (YMSAVE(  I}, I=l,NEQ]
W R I T E  IOU,6e) T S A V E
FORMAT IX,’THE TOTAL MASS FROM THESE CUTS IS ‘

l,lPEle.3,’ GRAMS’)

[
W R I T E  IOU,7e)
FORMAT /)

CALCULATE DY/DX  AND SET THE STEP SIZE TO APPROXIMATE
A 5% CHANGE IN THE MOST RAPIDLY CHANGING Y. WHEN THIS
Y  D E C R E A S E S  B Y  A  F A C T OR  O F  2e, RESET T H E  S T E p  sIzE
ACCORDING TO THE NEXT Y.
SOME Y’S WILL CHANGE SO FAST THAT THEY WILL BE GONE
IN A FEW MINUTES. THESE ARE DELETED BEFORE INTEGRATION
STARTS AND NOTED ON THE PRINTED RESULTS,

INITIALIZE OR INCREMENT NFAST.

NFAST=NFAST+l
CALL FXYZ(X,Y,K1,NEQ)

THE TIME UNIT IS HOUR.
SET THE STEP SIZE TO H=O.e5*Y/(DY,/DX).

H=e.05*Y(NFAST)/Kl  (NFAST)
YOLD=Y(NFAST)
H=ABS(H)
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c
c
c
100
c
c

:

:
c

c
c
c
c
c

c
c
c

110
c
c
c

120

130

140

150

~i=7{2{100,170),  IN

IF THERE IS A RAPIDLY MOVING COMPONENT AT THE BEGINNING
ITS STEP SIZE WILL BE VERY SMALL, DO NOT LET THE
STEP SIZE BE LESS THAN 0.05 HOUR.

IF(H.GT.0.05)  GO TO 130

Y(NFAST)  CHANGES TOO FAST TO CALCULATE, DELETE IT AND MOVE
EVERYBODY ONE SPACE TO THE LEFT.

WHEN YOU MOVE THE AREA BE SURE TO SUBTRACT THE CONTRIBUTION
OF THE CUT JUST DELETED.

ISTART=l
NFAST=l
NDEL=NDEL+l

DECREASE THE NUMBER

DELMAS  IS THE TOTAL

DELMAS=OELMAS+ (YI
NEQ=NEQ-1
NEQ1=NEQ+l
NEQ2=NEQ+2
NEQ3=NEQ+3  -

NEQ4=NEQ+4
Ao=y(l)/RHo(l)/z
0 0  1 1 0  I=I,NEQ

OF COMPONENTS BY 1

MASS OF DELETED CUTS

NDEL)*MW NOEL) )

SHIFT THE ARRAYS.

11=1+1
Y(I)=Y(I1)
VP(I)=VP(I1)
MTC(I)=MTC(I1)
YSAVE(I)=YSAVE( 11)

i%!i:iwli’)
YMSAVE(I)=YMSAVE(  11)
CONTINUE

BE SURE ANO 00 THE LAST THREE POSITIONS WHEN SHIFTING

:t:!~l:!~”
W R I T E  IOU,120  N O E L
F O R M A T  lX,’CUT  ‘,12,’ GOES AWAY IN MINUTES, THEREFORE IT WAS

1 OELETEO AND THE CUTS RENUMBERED’,/)
WRITE (ITY,120) NOEL
GO TO 90
INa12
GO TO (140,160)  ITYP
I TYP=2

[
W R I T E  ITY,150)
FoRMAT /,lx,’TIME’,2x,PBBL*,3x,  ‘sPGRs,2x,  JAREAD ,2x
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c
c
16@

c
c
c
170

18e

:
c
I 9e
c
c

:

2ee

:
c

zle

22e

23e

24e

25e

26e
c
c
c

1, * T H I C K N E S S  W’,2X,’DISP’,4X,  ’ERATE’  ,4X, ‘M/A I J’)

T H E  C O M P O N E N T S  T HA T  M O V E  T O O  FAsT  TO  cONsIDER  (A T  T I ME
ZERO) HAVE BEEN DELETED AND THE ARRAYS SHIFTED.

NEQ1=NEQ+l
NEQ2=NEQ+2
NEQ3=NEQ+3

N E V E R  L E T  T H E  S T E P  sxzE  BE G R E A T E R  TH AN  e.s

IF(H.GT.O.5)  H=O.5

[
W R I T E  IOU,180) H,NFAST
FORMAT / ,2x , ’STEP SIZE OF ‘ ,1PE1O.3, ’  IS  BASED ON CUT ‘ ,13, / )

CHECK THE PRINT SWITCH.

IF(X.LT.XW)  GO TO 400

INCREMENT THE PRINT SWITCH AND CALCULATE INTERMEDIATE
RESULTS NOT CARRIED WITH THE INTEGRATION.

Xw=x+)(p
YTOT=@ .
TdASS=O.
D o  2ee I=l,NEQ
YF(I)=Y(I)/YSAVE(I)
YTOT=YTOT+Y(  I)
YM(I)=Y(I)*MwU(I)
YM1(I)=YM(I)
TMASS=TMASS+YM(  I)
YM(I)=YM(I)/YMSAVE(I)
CONTINUE
YM1(NEQ1)=Y(NEQ1)

CALCULATE THE MEAN MOLECULAR WEIGHT OF THE SLICK.

WMEANS=O.
D O  210 I=l,NEQ
WMEANS=WMEANS+MWU( I)*Y(I)/YTOT
CONTINUE
LINE=LINE+l

[
W R I T E  IOU,220)  X,LINE
FORMAT 2X, ’TIME = “,IPE8. 1,’ HOURS, MASS FRACTION OF EACH

1 CUT REMAINING: ’,65X,13)

[
W R I T E  IOU,23@) (yM(I), I=l,NEQ)
FORMAT 14(1X, 1PE8. 1))
CHECK=TMASS+Y(  NEQ2)+Y(NEQ3)

[
W R I T E  IOU,240) TMASS,Y(NE02),Y(NEQ3],CHECK
FORMAT 2X, ’MASS REMAINING = ‘,lPEl@.3,’,  MASS DISPERSED

1=’ ,lPEle.3,’* MASS EVAPORATED = ‘,1PE1O,3,’
2 ,  SUM = ‘,lPEle.3)

[

W R I T E  IPU,250) N E Q 1
FORMAT 15]
W R I T E  IPU,260) X, (YM1(I),I=l,NEQ1)
FORMAT 10(lX, lPE10.3))

WHEN THE FRACTION REMAINING OF COMPONENT I GETS LOW,
SET ITS VAPOR PRESSURE AND MOLES EQUAL TO ZERO.

b
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------ -------  . . .
VU Z!W 1=1 STAR T,NEQ
IF(YF(I)  .GT.1.8E-(38)  GO TO 278
IKEEP=I+l
vp(r)=e.
y(r)=e.
CONTINUE
lSTART=IKEEP
NFAST=IKEEP
GONE(LINE)=TMASS/TSAVE
zp=z*lee.

[
wRITE  Iou,28e) G O N E  LINE),Y(NEOi  ),2P,WMEANS

[FORMAT 2X, ’FRACTION BASED ON MASS) REMAINING IN THE SLICK
l=’,lpES.l  ,’, AREA=’,1PE8.1,’  M * * Z ,  THICKNESS=’
2,1PE8.1,’  CM, MOLE WT=’,8PF5.1)

WIO IS THE MOUSSE CALCULATION.

FIRST CHECK TO SEE IF MOUSSE HAS ALREADY BEEN FORMED.
IF IT HAS, CALCULATE XMOU,  WHICH IS A FAKE
TIME. THIS WILL MATCH THE MOUSSE AND VISCOSITY DATA TO
THE PREVIOUS CONDITIONS

IF NOT, PROCEED IN THE NORMAL MANNER

I F  (MOUsWi.NE.1)  G o  T o  29e
C3NEW=C4*WINDS*WINDS
XMOU=X+(HOUMOU*C3SAVE  /C3NEW
CALL WIO(XMOU;W,VTERM 1
GO TO 388
CALL WIO(X,W,VTERM)

VISCP1 IS THE VISCOSITY OF THE PARENT OIL WITH NO WATER
INCORPORATED.
VISCP1 IS IN CENTIPOISE, FEVAP IS THE FRACTION OF OIL
EVAPORATED. NOTE THAT FEVAP IS NOT

-  ( F R A c T I O N  R E M A I N I N G )  BECAUSE  DISpERS]ON  LOssEs
;OULD  B E  INCLuDED. THE FRACTION EVAPORATED MUST
CORRECT FOR THE LOSS DUE TO DISPERSION.

● ☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛☛ ● ☛☛

WE MIGHT WANT TO CHANGE TO A BETTER FEVAP
CALCULATION LATER.
* * * * * * * * * * * * * * * * * *  **

FEVAP=(l.-GONE(LINE))/YM(NEQ)+FE
VISCP1=VSLEAD*EXP(MK4*FEVAP)

VTERM IS THE VISCOSITY MULTIPLIER FROM THE MOUSSE
CALCULATION.

VISCP=VISCP1  ● VTERM

CALCULATE THE BULK SPGR.

BSPGR=8.
D O  310 I=ISTART,NEQ
BSPGR=BSPGR+SPGR (I)*Y(I)/YTOT
CONTINUE
VISQT=SQRT(VISCP/1  8.)
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320

330

c
c
c

340
350

360
370

380

c

;

390

c
c
c
4ee

41e
c

:
c

CALCULATE THE DISPERSION FACTOR,

FB=l./(l.+KB*VISQT~Z*STEN/e.  624)
DISPER=FRACTS*FB

[
W R I T E  IOU,320] W,VISCP,DISPER
FORMAT 2X, ’WEIGHT FRACTION WATER IN OIL = ‘,1PE8.1 ,’, VIS

lCOSITY  =  ‘ ,1PE8.1,’ CENTIPOISE, DISPERSION TERM = ‘
2,1PE8.1,’  WEIGHT FRACTION/HR’)

CVOLUM=Y(NEQ1  )*Z
TBBL=CVOLUM/0  .159
CVOLUM-(1.eE+06)  *CVOLUM
CSPGR=TMASS/CVOLUM
WAREA=(l.eE+06)  ● Z*CSPGR
WDISP=WAREA*DISPER
IF(INT.EQ.1) ERATE=9.
ERATE=ERATE/Y(NEQl )

[
WRITE IOU,33e)  WAREA,CSPGR,TBBL,WDISP, ERATE
F O R M A T  2X,’MASS/AREA=’,lPE8.l.’  GMS/M*M,  SPGR=’

1,1PE8.  1 , ’ , T O T A L  VOLUME=’,1PE8.1,’  BBL,  DISPERSION=’
2,1PE8.1,’ GMS/M*M/HR,  E V A P  RATE=’,1PE8.  1,’ GMS/M*M/HR’)

PRINT AN OUTPUT FILE FOR 80 COLUMN OUTPUT.

DO 3 4 0  J=l,NEQ
JCUT=J
IF(YM(J).GT.e.5)  GO TO 35e
CONTINUE
D O  36e I=l,NEQ
ICUT=I
IF(YM(I).GT.e.el)  GO TO 37e
CONTINUE
I x=x
Iw=w*lee.
w R I T E  (ITY,380)  Ix,TBBL,csPGR,Y(NEO1  ),2P, IW,WDISP

1 ,ERATE,WAREA,  ICUT,JCUT
FORMAT(lX,  13,1PE8.1,6PF5.  2,2(1PE8. 1 ) , 1 X , 1 3

1 , 3 (  1PE8. 1 ) , 1 2 , 1 3 )
WRITE (IOU,7e)

INCREASE XP TO le HOURS AFTER 50 HOURS OF WEATHERING.

GO TO (39e,400),  NSS
IF(X.LT.5e.) GO TO 4ee
NSS=2
xp=le.

TAKE A STEP IN TIME

XARG=X”
D O  41e I=1,NEQ3
YARG(I)=Y(I)
CONTINUE

INT IS A SWITCH TO INDICATE THAT THE INTEGRATION WAS
I N I T I A T E D .

I NT=2
CALL FXYZ(XARG,YARG,K1,NEQ)
XARG=X+H2
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DO 42e I=1,NEQ3
YARG(I)=Y(I)+H*Kl(I)/2.
CONTINUE

SAVE THE EVAPORATION RATE FROM THE FIRST TIME
THE DERIVATIVES ARE CALCULATED.

ERATE=K1(NEQ3)
CALL FXYZ(XARG,YARG,K2,NEQ)
DO 43e I=I,NEQ3
YARG(I)=Y(I)+H*K2(I)/2.
CONTINUE
CALL FXYZ(XARG,YARG,K3,NEQ)
XARG=X+H
DO 440 I=1,NEQ3
YARG(I)=Y(I)+H*K3(I)
CONTINUE
CALL FXYZ(XARG,YARG,K4,NEQ)
DO 450 I=1,NEQ3
Y(I)=Y(I  )+H*(K1(I)+2. *(K2(I  )+K3(I))+K4(I))/6.
CONTINUE

I F  le p E R  C E N T  6Y  M O L E S  OR LESS OF THE SLICK IS L E F T ,  S T O P

THE CALCULATION BECAUSE STRANGE THINGS HAPPEN CLOSE TO
ZERO OIL.

REMAIN=e.
DO 46e I=l,NEQ
REMAIN=REMAIN+Y(I)
CONTINUE
TEST=REMAIN/MOLSAV
IF(TEST.GT.e.1)  GO TO 510
NQU I T=l
TYPE 47e
FORMAT(IX,’THE  S L I C K  H A S  DEcREAsEO T o  Iex oF TH E  O R I G I N A L  MOLEs.  * )
TYPE 4tie
FORMAT{lX,’THE  INTEGRATION WILL BE STOPPED HERE.’)

{
W R I T E  IOU,490)
F O R M A T  /,lx,’THE  S L I C K  (MOLEs)  H A S  DECREASEtI  T O  Iez

1 OR LESS, THEREFORE THE CALCULATION WAS STOPPED.’)

[
W R I T E  ITY,50e)
FORMAT /,lX,’SLICK DECREASED To Ie% MAss ● *stop**’)
GO TO 550

RECALCULATE THE OVER-ALL MASS-TRANSFER COEFFICIENTS OUTSIDE
THE DERIVATIVE SUBROUTINE. THE DIAMETER DEPENDENCE IS VERY
S LOW. TERM2 IS THE OLD DIA**(-e.11). SO DIVIDE THE OLD
COEFFICIENT BY TERM2 ANO MULTIPLY IN THE NEW ONE.

WHEN YOU CHANGE THE WIND SPEED WITH RESPECT TO TIME,
CHANGE THE MASS-TRANSFER COEFFICIENT HERE. D I V I D E
OUT THE OLD WIND TERM AND MULTIPLY IN THE NEW ONE.
ALSO, IF THE TEMPERATURE CHANGES, RECALCULATE THE
VAPOR PRESSURE HERE. THIS APPLIES ONLY TO MACKAY
ANO MATSUGU.

5 2 e
G O  T O  (54e,52e,54e),  K M T C

[
DIA=SQRT(Y  F$Q~{fe.785)
‘TNEW=DIA**
ADJusT=TNEw/TiRM2
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I

DO 530 1=1, NEQ
MTC(I)=MTC(  I)*ADJUST
CONTINUE
TERM2=TNEW

CHECK TO SEE IF THE INTEGRATION IS COMPLETED.

IF(X.GE.X2)  GO TO 550
X=XARG

CHECK TO SEE IS THE FIRST NON-ZERO MOLES HAS FALLEN TO
0.01 OF ITS STARTING VALUE. IF lT HAS, RECALCULATE THE
STEP SIZE ON THE NEXT NON-ZERO COMPONENT. NOTE THAT
A COMPONENT IS NOT ZEROED UNTIL ITS MOLE NUMBER HAS
FALLEN TO LESS THAN 1.OE-08.

TEST=ABS(Y(NFAST )/YOLD)
IF(TEST.LT.0.01) GO TO 80
GO TO 190
NSTART=NOEL+l

[
WRITE IOU,56e) N S T A R T
F O R M A T  /,lx,*THE  C U T  N U MB ER IN G  8EGINS  WITH*,  13,S 8AsED  ON

1 THE ORIGINAL CUT NUMBERS’,/)
LINE=LINE+I

[
W R I T E  IOU,570) X,LINE
FORMAT lX,’.THE  FINAL MASS FRACTIONS FOR THE SLICK AT “

I,1PE8.1.’ HOURS ARE:’ , 6 5 X , 1 3 )
HOUMOU=X
TMASS=e.
D O  58e I=l,NEQ
YM(I)=Y(I)*MWU I

[1TMASS=TMASS+YM I
YM1(I)=YM(l)
YM(I)=YM(I)/YMSAVE(  I]
CONTINUE
YM1(NEQI)=Y(NEQ1)
GONE(LINE)=TMASS/TSAVE

[1

W R I T E  Iou,4e) (YM(I),I=l,NEQ)
W R I T E  IPu,250 NEQ1
W R I T E  IPU,26e X,  (YM1(I),I=l,NEQ1)
W R I T E  1pu,26e  (GoNE(I),  I=l,LINE)
zP=z*lee.
wRITE (Iou,28e) GONE(LINE),y(NEQl  ),Zp,wMEANs
CHECK=TMASS+Y(NEQ2)+Y(NEQ3)
W R I T E  (Iou,24e TMASS,Y(NEQ2),Y(NE93),CHECK

[1
TME=TME+Y  NEQ3
TMD=TMD+Y NEQ2
FE=(Y(NEQ3)/TMAsAv)+FE

[
W R I T E  IOU,590)
FORMAT /,lX,’**********O*******S***o****O******O*****

1 * * * * * * * * * * * * * * * * * * * * * * * * * *  D ,/)
RETURN
END
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c

10

26

3 0

SUBROUTINE VPIF(TEES,N)
INCLUDE ‘VARI.FOR’

THIS SUBROUTINE CALCULATES THE VAPOR PRESSURE OF THE CUTS AT
A SPECIFIED TEMPERATURE, TEES. IT USES A SIMPSONS  RULE
INTEGRATION WITH 21 POINTS

YI(X)=((l.-X)**0,38]/(X*X)
DO 30 I=I,N
TEC=TEES
I F  ( T E E . L T . T i e ( I ) )  G O  T o  10
TEE=TEE/TC(I)
Ex-Exp(-2@*(TEE-B(I))**2)

[
Y--A(I)* 1 .-TEE)/TEE-EX
VP(I)=PC  1)*10.**Y
GO TO 30
CONTINUE
TRl=TEE/TC(I)
TR2=Tle(1)/Tc(I)
DH-(TR2-TRl)/2@  .
RESULT=YI(TR1)
TR=TR1
D O  2@ L=l,10
TR=TR+DH
RESULT=RESULT+4  .*YI(TR)
TR=TR+DH
RESULT=RESULT+2 .*YI(TR)
CONTINUE
TR=TR+DH
RESULT=RESULT+4.  ● YI(TR)
TR=TR+DH
RESULT=DH*(RESULT+YI  (TR))/3.
Pl=-4.33-HvAPZ(I)*RESULT/(1  .987*TC(I))
VP(I)=EXP(P1)
CONTINUE
RETURN
END
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SUBROUTINE FXYZ(XARG,MOLES1,KK,NEQ)
REAL*4 MOLES1.KK
INCLUDE ‘VARI.FOR’
DIMENSION KK(30),MOLESl(30)

THE VECTOR BEING  INTEGRATED RESIDES IN MOLESI(I).
POSITIONS 1=1 THROUGH I=NEO  ARE THE PSEUDO COMPONENTS,
P O S I T I O N  NEQ1=NEQ41  I S  T H E  A R E A .
P O S I T I O N  NEQ2=NEQ+2  IS  THE MASS LOST BY
P O S I T I O N  NEQ3=NEQ+3  IS  THE MASS LOST BY

DISPERSION ALONE.
EVAPORATION ALONE,

suM-e .
D O  10 I=I,NEQ
SUM=SUM+MOLES1  (1)
CONTINUE
0 0  20 I=l,NEQ

CALCULATE THE MOLE DERIVATIVES.

[1T M P V P  I  -MTC(I)*MOLES1  NEQl)*VP(I)*MOLESl(I)/SUM
[TMPDS I  =DISPER*MOLES1  1)

[1
KK I  =TMPVP(I}+TMPDS(I)
K K  I =-KK(I)
CONTINUE
VOLLU=O,
DO 30 I=I,NEQ
VOLLU=VOLLU+MOLES1  ( 1 ) / R H O ( I )
CONTINUE

CALCULATE THE AREA DERIVATIVE.

Z=VOLLU/MOLESl  (NEQI)

[)
K K  N E Q I  =(5.4E+05)*(2**l  .33)*M0LESI  (NE01)**9.33
KK NEQ1 =SPREAD*KK(NEQ1 )*SPRFAC

CALCULATE THE MASS LOST FROM THE SLICK DUE TO
EVAPORATION ALONE AND THEN D ISPERSION ALONE.
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30

SUBROUTINE WIO(TIME,W,VTERM)
INCLUDE ‘VARI.FOR’
wFuNc(w)=(l  .e-c2*w)*ExP(-2  .5*w/(1.e-cl*w))
VIS(W)=EXP(2.5*W/(1  .O-Cl*W))
DATA WSAVE,C4SAVE/-l.,-l./

THIS IS THE WATER-IN-OIL (MOUSSE) ROUTINE.
W IS THE FRACTIONAL WATER CONTENT IN THE OIL.
WINDS IS THE WIND SPEED IN KNOTS.
TIME IS IN HOURS.
Cl IS A VISCOSITY CONSTANT = 0.65
C2 IS AN OIL-COALESCING CONSTANT AND IS OIL
DEPENDENT, AND IS THE INVERSE OF THE MAXIMUM WEIGHT
FRACTION WATER IN OIL.
C3 IS A WATER INCORPORATION RATE (1./HR),  USUALLY O.O1*UOU

THE PREDICTION EQUATION FOR W IS IMPLICIT AND IS
SOLVED BY TRIAL AND ERROR.

REFERENCE: CHAPTER 4 BY MACKAY IN OIL SPILL PROCESSES
AND MODELS.

DECEMBER, 1981

IERR IS THE ERROR CODE.
IERR=l IS A NORMAL EXIT, IERR=2 IS A PROBLEM IN THE
TRIAL-AND-ERROR ROUTINE, IERR=3 IS A STEADY-STATE
MOUSSE EXIT..

IF THE OIL DOES NOT FORM MOUSSE, C2 WAS SET TO -1.

IF(C2.GT.O.)  GO TO 10

NO MOUSSE FOR THIS OIL, SET TERMS AND RETURN.

w-e .
VTERM=l .
GO TO 90
I ERR=l

CHECK TO SEE IF THE WIND OR INCORPORATION RATE CONSTANT
CHANGED.

IF(WINDS .EQ.WSAVE.AND.C4. EQ.C4SAVE) GO TO 20
WSAVE=WINDS
C4SAVE=C4
U2=WINDS*WINDS
c3=c4~u2
EX-C3*TIME
IF(Ex.GT.2e.

1
GO TO 80

TEST=EXP(-EX

BRACKET THE TIME WITH TWO VALUES OF W.

he.
wMAx=l./c2
WSTEP=WMAX/10  .
w-w+wsTEp
TRY=WFUNC(W)
IF(TRY.LT.TEST)  GO TO 40
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IF(W. LT. WMAX)  GO TO 39
I ERR=2
GO TO 90

NOW DO INTERVAL HALVING TO FIND W.

NTRY=O
wR=w
WL=W-WSTEP
w=(wR+4vL)/2,
TRY=WFUNC(W)
IF(TRY.LT.TEST)  GO TO 60
w L=w
GO TO 70
wR=w
NTRY=NTRY+l
IF(NTRY.LT.1O)  GO TO 50
~JE~~~S(W)

I ERR-3
CONTINUE
RETURN
END
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COMPUTER MEDIA,
NOT IMAGED

1 I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I 1
*57 COMPUTER MEDIA NOT IMAGED*


